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Abstract 


Surface (approx. l-metre-depth) oceanic salinities and tempera- 
tures have been recorded once a day at several locations on the coast of 
British Columbia for varying lengths of time - from a few months to a few 
decades. This publication presents the data obtained in 1977 from sixteen 
such shore stations. Fourteen of the sites are Ministry of Transport (MOT) 
lightstations; the remaining two are the Pacific Biological Station at 
Departure Bay and the meteorological station at Cape St. James. 


Temperatures are determined at all sixteen sites by means of 
mercury-in-glass thermometers. Salinities are obtained at fourteen sites 
only; they are determined at thirteen by hydrometer and at the remaining 
one by laboratory-model inductive (electrodeless) salinometer. 


The data obtained are presented in two forms. Firstly, tables 
provide, for each site, the monthly means and the associated standard 
deviations, as well as the maximum and minimum values recorded during each 
month; the annual means are also listed. Secondly, graphs indicate the 
behaviour, throughout the year, of the data after the higher-frequency 
oscillations (e.g., those of tidal period) have been removed ("smoothed") 
by the use of a seven-day normally-weighted running mean. 
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Introduction 


A program involving once-daily observations of sea-surface 
Salinities and/or temperatures at numerous locations on the coast of British 
Columbia has been in effect since the early 1930's. Most of these sampling 
Sites have been at lightstations maintained by the Ministry of Transport (MOT). 
The number of sites reporting at any given time has varied throughout the 
course of the program; sampling has been discontinued (and in a few cases 
ele at some places and commenced (not necessarily simultaneously) 
at others. 


The data previously obtained have been published either in reports 
of the present series or in those of its organizational predecessors. For 
details regarding the sampling stations and the publications involved prior 
ie He the reader is referred to the review by Hollister and Sandnes 

972). 


From 1972 through 1977, data were made available from sixteen 
Shore stations (underlined in Figure 1). Fourteen of these are MOT light- 
stations. The remaining two are: the Pacific Biological Station (of the 
Department of Fisheries and Environment (DFE)) at Departure Bay, and the 
meteorological station - of the Atmospheric Environment Service (AES) of DFE 
- at Cape St. James. Table 1 lists these stations in north-to-south order 
along the "outside coast" (Langara Island to Race Rocks) and along the Strait 
of Georgia (Cape Mudge to Active Pass). The general location of each 
Station, as well as the names of the observers that participated during 1977, 
are also noted. 


This report presents the data obtained in 1977 from these sixteen 
locations. 


Observational Equipment and Procedures 


Except at Active Pass, each daily observation is made within one 
hour before (and as near as possible to) the occurrence of the daytime high 
tide. The exact time, however, is dependent both upon weather conditions 
and upon the press of the observer's primary duties. At Active Pass, 
observations are made at daylight high-water slack as obtained from the 
Canadian Tide and Current Tables (Environment Canada 1977). At no station 
is sampling ever attempted in darkness. 


At each station, the water temperature is measured by means of a 
mercury-in-glass thermometer. At fifteen of the stations, thermometers 
recording with the range 10° to 140° Fahrenheit (F), and graduated in 1° 
intervals, are used. At the remaining station (Departure Bay), a Celsius (C) 
thermometer of range -10° to 60° and graduated in 0.5° intervals is employed. 
Before use in the field, each instrument is checked against a calibrated 
thermometer; the maximum error allowed is +0.4°F or +0.2°C. The seawater 
temperature is estimated to within +0.1°F or 0.1°C. 


The thermometer, (partially) enclosed in a protective case of l-in. 
(2.5-cm) aluminum pipe, is attached to the end of a pole (also made of 
aluminum pipe) which can be as long as about 20 ft (about 6 m) and left at 
that depth for two minutes. The greatest pole lengths are necessary at sites 


where observations are carried out from steep bluffs. At some stations, 
water samples are obtained by bucket during inclement weather. 


At fourteen stations (all except Sheringham Point and Cape St. 
James!) a glass or plastic bottle, usually of about 25-oz (710-cc) capacity, 
is also attached to the pole. At the same time that the temperature of the 
water is recorded, a sample is drawn from the bottle for use in the measure- 
ments of salinity. (Where a bucket is employed to obtain the seawater, the 
sample is drawn from the bucket.) At all but one of these fourteen stations, 
the density of each sample is determined by hydrometer; the salinity is then 
obtained from this value of density. The hydrometers employed are similar to 
those used by the U.S. Coast and Geodetic Survey (USC&GS) at its tidal 
stations?; they actually measure the specific gravity? of a seawater sample. 
Specific gravity is a ratio of two densities and is therefore a dimensionless 
quantity. If however, by definition, distilled water at a temperature 
39.2°F (4°C) has a density Deas 1, then the specific gravity of a substance 


having density p is p/p. and will be numerically equal to the value of p. 


The density (or specific gravity) of a seawater sample depends 
upon both the quantity of dissolved material in the sample (the "salinity") 
and the temperature of the sample at the time the measurement is made. 
Densities determined by hydrometer without temperature control must therefore 
be reduced to some "standard" temperature for conversion to the corresponding 
Salinities. The standard adopted for this program is 15°C (59°F), the same 
as that presently used by the USC&GS. 


An expression of the general form Sp. Gr. Tp. (or Temp.) 15.4°C is 
provided on every hydrometer utilized in this program. It incorporates both 
the basis of specific gravity (distilled water at 4°C (39.2°F) and the 
Standard temperature (15°C or 59°F)) employed. 


Hydrometers are supplied to the stations in one or more of three 
ranges of specific gravity: 0.9960 - 1.0110, 1.0100 - 1.0210, and 1.0200 - 
1.0310. The scales are divided into intervals of 0.0002, and the instruments 
are claimed to be accurate to +0.0001. The hydrometers are read employing 
techniques described by the USC&GS (Adams, 1942). Each instrument has its 
calibration checked immediately before being sent to a station. 


Measurements of salinity were terminated at Sheringham Point on 31 March 
1970 and at Cape St. James on 31 May 1971. 


Since 1970, the USC&GS has been a component of the National Ocean Surveys 
of the National Oceanic and Atmospheric Administration (NOAA). 


It should be noted that the term "specific gravity" has recently been 
replaced, in scientific usage at least, by the term "relative density". 


At Departure Bay, salinities were obtained by hydrometry up to 
7 February 1977. Subsequently they have been determined by laboratory 
salinometer - an Auto-Lab Model 601 Mark III inductive (electrodeless) type. 
The accuracy of this instrument, using duplicate determinations, is estimated 
to be +0.003 parts per thousand (o7,.). : 

It may be noted that comparison determinations involving several 
dozen samples collected at British Columbia shore stations have indicated 
that about 85% of the "hydrometer" salinity values obtained were within 
+0.3°/o.0 of the corresponding ones obtained by salinometer (Hollister, 
unpublished). Because of the greater accuracy of the salinometer-determined 
values, post-February 7th salinities at Departure Bay are recorded to two 
places of decimals, rather than to only one as is the case for values 
obtained by hydrometer. 


The time of each daily observation, as well as the associated 
seawater temperature and hydrometer or salinometer readings, are recorded on 
monthly field sheets. The sheets are mailed to the Pacific Environment 
Institute, West Vancouver, British Columbia - usually every two months - for 
preliminary processing. 


Preliminary Processing of the Data 


The temperature data are scanned, and values are rejected if it is 
discovered that a faulty thermometer has been used, or if the value is 
obviously the result of a misreading or of any other error in technique. The 
observed hydrometer readings are reduced to densities at the standard 
temperature, 15°C (59°F), by means of tables prepared by the USC&GS (Zerbe 
and Taylor, 1953). The appropriate calibration correction is then applied to 
each such density value. These corrected values are in turn converted to 
salinities. A salinity value is rejected, again, only if it obviously 
results from a misreading of hydrometer or salinometer or from other proced- 
ural errors. 


If observations are missing for one day or for two consecutive 
days, the resulting gap is filled by value(s) obtained by linear interpola- 
tion utilizing the two observations bounding the gap. No interpolated 
values are provided when readings have been missed for three or more 
consecutive days (whether by accident or by design). 


Machine Processing of Data 


For each calendar year, the daily temperature and salinity data 
remaining after the preliminary procedures noted above are processed into 
final form by the Marine Environmental Data Services Branch (MEDS) of Ocean 
and Aquatic Sciences (OAS), DFE in Ottawa. For each station, this computer 
processing involves the determination of the twelve monthly means for 
temperature and for salinity, as well as of the corresponding standard 
deviations. The annual means are also computed. All means are rounded off 
to the first decimal place, and the standard deviations are truncated at the 
second decimal place. Data obtained by interpolation are not utilized in 
the computation of the means. 


A form of smoothing has been performed on the data to minimize the 
effect of any variability associated with frequencies large compared to the 
annual frequency (those associated with tides, for example). For simplicity, 
the daily values of salinity and/or temperature at each sampling station are 
here considered to be equally spaced in time - with a sampling interval, 
therefore, of 24 hours. A seven-day, normally-weighted running mean 
(Holloway, 1958) has been utilized to smooth the resulting series; this form 
of filtering is considered to result in an output free of such defects as 
"nolarity reversals" or phase shifts. The running mean is computed, for the 
entire year, for both temperature and salinity. In order that these means 
for each station be as continuous as possible consistent with the data in- 
volved, interpolated daily values have been utilized in the associated 
computations. However when a period of greater than two consecutive days of 
missed data is encountered the computations will be interrupted. 


Presentation of the Data 
The data from each station are presented in two forms: 


(1) Tabulations, in monthly format, of the daily values of temperature 
in °F and of salinity in parts per thousand (°/..) - pages 14 to 77. 
The results are listed in the same station order as that given in Tabie 1. 
Three months' data are listed on each page. Also recorded for each month are 
the mean, the standard deviation (STD.DEV.), the number of observations 
(OBSVNS.) involved in the computations of these two quantities, and the 
maximum and minimum values. The annuaZ means (YRLY. MEANS) for temperature 
and salinity are included with the December output for each station. Each 
interpolated daily value is identified by an asterisk (*). "Missed" values 
with which no interpolation is associated are denoted by a "*0.0" entry. 
Invalid days, such as April 31, are indicated by a "0.0" entry. Both the 
latitude and longitude of each station (in degrees, minutes and seconds) are 
noted on every page, immediately after the station designation. For ease in 
reference, the monthly- and annual-mean temperatures and salinities are 
Summarized in Tables 2 and 3 respectively. Temperatures in Table 2 are the 
Celsius (°C) equivalents, rounded to the first decimal place, of those given 
in the tabulations; they are provided here for completeness, in deference to 
the almost-universal use of the Celsius system of temperature measurement in 
present-day marine science. 


(2) "Annual" graphs of the seven-day, normally-weighted running mean 
for temperature and salinity - pages 80 to 11]. These graphs are copies of 
the computer-generated plots of the means - reduced for display on present- 
size pages. Any interruption - due to missing data - in the associated 
computations will result in a gap in the plotted output as well. Each graph 
for temperature is provided with scales in both °F and °C. 


Several features associated with the data presented should be 
noted: 


(a) At Departure Bay, circumstances beyond the control of the 
program have rendered it impossible - from May 1974 onward - to carry 
out observations on weekends (Saturdays and Sundays) and on statutory 
holidays. The maximum number of (non-interpolated) values available 
for determination of each monthly mean has therefore been reduced from, 


approximately, thirty to twenty at this station. The running-mean 
calculations have suffered accordingly. 


(b) At Cape Mudge, the number of (non-interpolated) daily values 
was reduced to the low twenties or less during several months; 
observers were hampered at such times by extremely rough seas. The 
same problem occurred at Cape St. James, although to a somewhat lesser 
‘degree. 


(c) At Active Pass, the daily salinity values (and the 
associated running means) during June through August of each year are 
in general relatively low - quite often < 20°/,... The salinity range 
utilized for the running-mean graph at Active Pass (page 111) has 
therefore been chosen to be 16 to 30°/.., rather than the 20 to 34°/,. 
range employed elsewhere. It is felt that the vartability in the mean 
during the three-month period can thus be better displayed. 


(d) At Langara and Kains Islands, several salinity values of 
33°/o0 oY more were recorded during 1977 - primarily in April (Langara) 
and in August (Kains). All physical-oceanographic studies so far 
conducted indicate that such values are extremely unlikely in the 
nearshore surface waters of British Columbia. Observers at the two 
stations had been apprised of this fact and therefore checked both 
equipment and procedures thoroughly during the high-value periods. No 
obvious faults or errors were revealed, and the problem therefore 
remains unresolved. However, the high values should still be regarded 
with extreme caution. They have not been included in the computations 
of monthly means, but have been retained in the running-mean output. 
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Figure 1. 


Location of B.C. shore stations making daily oceanographic 
observations (1977) reported in this publication, 


Table 1. B.C. shore stations providing the oceanographic data reported in 


this publication: 


general locations, and names of observers. 


i 


STATION 


Outside Coast 


Langara Island 


Bonilla Island 


McInnes Island 


Cape St. James 


Egg Island 


Pine Island 


Kains Island 


Amphitrite Point 


Sheringham Point 


Race Rocks 


Strait of Georgia 
Cape Mudge 


LOCATION OBSERVER(S) 
Dixon Entrance L. Sabourin (Mrs. ) 
south side J.E. Redhead (Mrs.) 
Hecate Strait, north M. Slater 

B. Jones 

T. McKay 
Milbanke Sound entrance, F.M. Collette (Mrs. ) 
north side K. Coldwell (Mrs. ) 


Queen Charlotte Islands, 
south end 


Smith Sound, southern 
entrance 


Queen Charlotte Strait, 
western entrance 
Quatsino Sound entrance, 


north side 


Barkley Sound, western 
entrance 


Juan de Fuca Strait, 
northern shore 


Juan de Fuca Strait, 
eastern end 


Strait of Georgia, 
northern entrance 


(RAS 


I 


GQ A 


.S. Robinson (Mrs.) 
Hilliar 


. Carson (Mrs. ) 

. Ashe (Mrs. ) 

oC. Emrich: (Mrs) 
.M. Chapman (Mrs. ) 
. Watson (Mrs. ) 
.C. Collins (Mrs. ) 
.G. McNeil 

-K. Nuttall 

. Chapman 


.M. Chapman (Mrs. ) 
.V. Stewart (Mrs.) 


-Saspruton (Mrs 2) 


.B. Anderson (Mrs. ) 


. Wilke 
. Milum 


Table 1 continued 


Station Location Observer(s 


Strait of Georgia 


Sisters Island Strait of Georgia, D.J. McNeil 
central W. Milne 
R.J. Grunert 
eG. “Smith 
Chrome Island Strait of Georgia, W.E. Gardner 
central western shore F. McWilliams 


Departure Bay Strait of Georgia, A. Ballantyne (Mrs.) 
central western shore A. Acara 
DF Oza? 
Entrance Island Strait of Georgia, E. Cehak (Mrs. ) 
central western shore 
Active Pass Strait of Georgia, J.E. Ruck 


southwestern shore 


10 


Si i eee) LLP elet el el eel CU Gee OLE SR are SS@q 9AL}IY 


Pimire fo 2ll £ri-6Slrvye eu Gril 26 Bee Gel Geo "J souedpuy 
iim ets  < (Stl etl _£ Ll 851 Ceci eee, ao = ie9 Aeg aunjuedaq 
ee eee oe ee 1S Vie elt ol oi 2 Ee Ser Oe SL "J awouy) 
ea 1 OB ee a PL Lee cel 6 C2( 2s ble oe (See ee "T SU8ysts 
ool Tec ese Se £a Lvecges et ill bbs @toe PO eid abpny ade) 
6. 6 90 £6 CU 6Cle OCIS e'6 88 bog Se Bs ord oer SyD0Y 99eY 
Pi 66k. 68 ee a ei OG. EO Ceo IB a Ge "3q weybulvays 
sol cS C6 “RP Rel oy rie o BS oe ll-20l £6 9°8 v8 8L "Id atta Lyduly 
a Oe ee Sti ec el Lele oO el il Gol <6 Or gage Cs8 "T Sule) 
pee fe eo 0b Web 8-6 tb SG Re oGee Glew ee Gee "JT ould 
Gey ee oe Oe OG PeG0l Sel. Gack. ull ude Ol Bee Cian oe "| 663 
fo Cees CU Rae a CUS rol oe. Os GL* —é-ce Siec souep “3S ade) 
ae ae ee emer i tel GOL 7 6. <8 oo ated lier "J SouuyoW 
can ome eS tL eek Ott 8 LL 6G OD8 ies OS a "J BLL Luog 
fee Fe GOL ee li Ss i Py Ol mee eee SL 10 ig aie: Fa "] eurbuey 
oe ee Se 
uuy 229g AON 390 des bny ine une Kew sdy sew gey = uet UOL}e4S 


ae eee eee 


L161 - (36) Sounjzeuadwe} uesw-Lenuue pue -AjyzuoW =*Z 8L9el 


1] 


ee oon biee ic Se. 9 toe GS Se G82 fe Be eee ec Le SSBq SAL{IY 


pee tor Oge vive Once e796 29 Ge, Gate 075¢ 9°92 6° 6¢. 6 8c B°Le 8'Le "J soued}Uy 
PegpeninGeG 97, Bot cy 9C @9-Se -79tc--0 92-12 19e EB - Le £782 9 Le Aeg aunjuedaq 
Ree pe eo 6c Gg Oc e yile cuee. Pec L6¢c 0°0E .6 6¢ be ¢°be "JT swodyd 
\ommicte? te 6ee Ofc 0'9¢ GuGd 7'S2 6°22 ~6°6¢ “2°6¢ -G*6e | 6¢ "JT SU9zSLS 
peommice ore eo bikes ole cle 6e0c s8°8¢ 1’6¢ €*6¢ 0 62. ¢ be “UnG¢ abpny ede 
eee G tour if ce 0 Ae Sale wc lf GLE 9°L€ GOR vote oc Le SYIOY 9IeY 
Wp Pee 6 een GaOOn9- OF «Ede. Ose 5; 0c.-0°0F 17 6¢  8°8¢ £62 2°62 "Iq 92LugLyduy 
Pte 6s 0 be cole eo le G)2e cece Oe 1 Le. OE ee. LEDE (COE “IT Sule) 
Cgematoem pice le Ge 9 °1e flee LE. Sle LIE cole Mle eke “T ould 
Beano we 6. 0c spale —eule 12°6¢. Peecum0 1 8-06 “Ee 2 OE 2 0b 2808 "1 663 
Fouts eee co lt. G06 5.2 0G bebe = OC Pp 0e CUE 0 Oe 6 0L0e lL Ge "] SouUuyoW 
oom lou OC cate -G-1e € Le Cle ee — Il le tle 6c 08 Mle 6°08 “T eLLbuog 
Pope? Wwe ace Ce Com ce OLCe SECZE Bice Goce (GS ce Ect "] eurbuey 
a ec SI i i rc ee eae a 
uuy 29g AON 399 dag Sny [np une Kew Ady uew dey uel UOLZEIS 


L161 - (°°/o) SOLPLULLeS uRaW-LeNuUe pue -A[YUOW “E ALGeL 


a? a a . 
Fug? OES ® 


© 


ot 


Herel nce ges 


Ae a fics _ 
ie i ie 

; owe vena ois i cle in oiled vi 
og* Wakes pee RS 


ee unten eyes esas tee 


mp Hi PB wey he BD te st en 
bd *“* e. , ye +, ay . g 

a se ee baad = PS oy 
Pa 4 yim * om omy 4 SRem- 


eas ar eae 


iat? ae ae ae iat ee | 
“SeeEe : 


* 


o¢ 
ot ion, one?! 5 t 


S. tae. 
an eet 


E | 


wat 


Se ee | 


to. oe a Ss Hm ne a eS 

hi oe ae" eR B era 

vO a ps PO pane owns et 
‘ 7 i 2S Ron 


Paci] ie a pee wv cond ™ 4 enna 
v 


w0's 
| 3 
pe, 
2 
52° 
re 
‘it 
Bt 


ae 
Sherr tghen 
pies 

eae} 


eau its Bf’ 


13 


Tabulations of Daily Sea-surface 


Temperature and Salinity 


1977 


TEMP: Temperature (°F) 
SAL: Salinity iss) 


LANGARKA ISLAND 54 15 19 N 133 835 39 WW 
JANUARY FEBRUARY MARCH 1977 
DATE TEMP Sai JEM SAL TEMP SAL 
1 * 46.0 * 3249 4>.0 dn a3 45.0 Ba | 
rs 45.7 Scare 2 46e1 320% 4702 320% 
3 45ed 31-6 44.0 3267 * 4Oe2 * 2240 
4 uSeod 32 04% 4oed 32 0% 802 seer 
=, 452 S2s0 4oe 3 ocwo 4502 32.38 
6 45.7 31.8 4dec J205 Sol 324 
7 45e1 31.8 4oe 0 32.8 4660 [2 Save 
8 bu ed Sieags 4oel Ta Soe ec 4520 3238 
g 45% 5201 4o. 0 32.4% 45e1 S27 
10 4501 51.3 4509 Sie? 43.0 32.3 
a 4502 $203 46.0 gee 44.7 528 
ee 452 32.0 45 06 3225 44eG ** 33.42 
13 450% 32.0 4Oe2 323 44.5 S2iet 
14 46.7 oP 46.9 3209 44.9 32.7 
15 4603 $2.09 40.0 s2405 450 320% 
16 4Ee7 32-0 4Oe1 32.8 45-2 a Brody 
5 ay f 4o5 on e5 460 3267 45.14 320% 
18 * 46.9 * 3204 “Hel Saath &Ge7 320% 
Led u7e3 3265 4oe2 32-8 G4e¥ Seno 
20 46Oe9 S202 4703 A as Geel 32.7 
21 Yoo Sai 6505 SaeD 451 320% 
Vad 46.0 325 4Oe2 S20 44 oS 3207 
23 460 Sauk 4565 3208 44 oJ 3207 
24 4oe0 Soa 445 30.8 44.3 265 
25 45.3 Seed 4507 3263 4502 3208 
26 44.0 320% 44.6 3204 44ed 3220 
alt YYed $21 Geol 320% 44.0 3224 
28 44.0 3264 45.0 3205 43e9 $263 
29 * 44.6 TIS ced 0.9 0.0 44.0 3223 
30 45e2 350 0.0 0.0 45.0 31-6 
31 4O6e1 De ao G.0 0.0 64.3 31.6 
MEANS 4306 6 Pde | 45.9 soa? YH ed Care 
OBSVNSe 260 rae) 23 27 30 28 
MAXIMUM 47.3 32.8 4302 E Fanny =: 4702 32.5 
MINIMUM 44.0 ie Co 44.0 30.8 43.20 316 


STO.OEV. 083 wre e OY 038 266 «ao 


1S 


LANGARA ISLANO 54 15 19 N LIS OS SU OW 
APRIL MAY JUNE 1977 
DATE TEMP SAL TEMP SAL TEMP SAL 
i 45 o% 31.9 462 3203 50.9 32.0 
2 44 ob 31.5 466.0 3203 49.5 31.9 
S YSel 3203 460% 32a0 49.3 3220 
a) 44.7 32.5 47.0 3225 51.0 32.0 
=) 4502 S205 47.0 3225 430 32.20 
6 8562 3203 40.38 320% 50.0 3S2ei 
4 45.0 32.8 Oo % 320% 4903 319 
8 45.5 32 80 4O60e 3265 50.0 31.5 
3 4500 327 4607 32.3 490d 318 
10 4563 520 4607 3229 5023 31% 
ad 44.9 31.0 * 4605 * S255 Sie 32.3 
12 45.0 31238 4Oe2 8 ee 50.0 3223 
15 44.5 32.23 4604 320% 50.3 3229 
14 44 0 3243" 4605 S25 5061 3205 
15 44.8 3201 4oe2 3229 Je es 320% 
16 44ed Sz eu 47 e2 Sy Gra 4 9eY S204 
17 44o2 320% 47.6 32 or 43.8 31-9 
18 45-0 $235 48.0 53203 Suet 31.6 
13 44.9 53208 4Be2 31.9 51.0 S51. 
20 G5e2 ** 33549 47 e2 320% 5203 3220 
ed 45-5 Setr 48.0 Seat 51.0 320% 
22 455% ** 3342 47.0 3203 52el 32.0 
23 SSG ** 3336 472 31.29 5003 3205 
24 4650 ** $349 48.2 3203 2 ire 3205 
25 4645 ** 33%2 47.69 S201 51.4% 320% 
26 BoeG ** 3355 48 —% S245 51.20 31.3 
27 46.0 $25 438eo1 32.8 51.0 3203 
28 — 85 e% 3207 4&7 e2 $205 52.0 531.9 
23 450d 520% 4302 32.5 5204 310% 
30 46.0 3205 48» 0 gcew 51.3 31.5 
Si 0.0 0.0 43 e% 3225 0.0 0.8 
MEANS 45e2d 320% 47 ed 3223 5067 3200 
OBSVNS. 30 24 30 30 33 39 
MAXIMUM 4604 32.9 4b eo geeo 526% 3205 
MINIMUM 44.0 31.90 4o. 0 0p he hs) 49.0 310% 


STO.DEV. 057 © 46 ofJ 029 90 ose 
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LANGARA ISLANO 54 15) 2oN 1335; 03 30, 
JULY AUGUST SEPPENGER ETT 
DATE TEMP SAL LEMP SAL TEMP SAL 
1 Sie 31.8 Siar’ 32.5 53.3 Sour 
2 ise ot 32.8 5321 520% 5202 * S247 
x: Lig 3203 5423 32.5 , sie * O245 
by 51.0 32el1 56 ok 3223 54. 0 32.3 
= 5220 323 53.5 32.0 39620 Ses 
fe) Pe 6 3taD 54H ed 3224 57.20 32.3 
7 54.8 320% 54.0 3204 lone 3203 
3 54.9 Seas 54.3 Seed 57.0 3S2e1 
4 54eS 3204 54e2 3203 56.0 sca 
10 5320 S207 56 el Se0t 5761 32.90 
«Pa Jie.c 3242 50e2 Jee 556d 32.3 
i2 54 2 0 30.8 5423 $255 54.9 3459 
is 539 314% 5220 3264 5420 320% 
14 O56 sda DOia sk S2el 5320 319 
15 530% 3205 51.0 320% 5362 32-00 
16 5220 31% Te S06 9 © S208 Se 30.2 
ae f 53.0 31.3 ot wf 329 51.0 3205 
18 53-0 3223 50.2 3228 eh ae & S2u7 
eRe D cad: $2 0% 51.239 32.86 52-9 S2o1 
20 So Sad 326% 51.0 3208 Sag 1 3205 
21 5220 32 03 Shad 3225 512-9 3203 
C<. pe Ma 3268 5320 3265 5420 32.0 
Za path Sip | * S202 51.0 3208 52.0 32.3 
24 54.0 S268 52.20 ¥* 3325 S2ar 32.3 
25 Sec 329 Hn Sek + S665 5245 320% 
26 5349 Sean 50.2 * 3502 51.23 s2e3 
27 54.0 3245 S2el * Sac 5229 $1.9 
28 54el 3c to Sae0 328 500s 320% 
29 55.0 32.8 53-0 * 3.3 04) 506.9 320% 
30 52.20 S20 *. 530% * Ses 51 % 320% 
31 51.9 craw A aed 3208 0.0 0-0 
MEANS Sie S208 5205 3225 530% xeve 
OBSVNS. 30 390 26 24% 29 28 
MAXIMUM eer!) 32.9 obisic 3209 pri pe 328 
MINIMUM aa 30.5 50-2 Sa0Q 5 Ue So 30.2 


STO.DEV. 1.08 ood 1.64 026 2004 ° +6 
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LANGARA ISLAND 64 25 19° N 130 "OS 0° W 
OCTOBER NOVEMBER DECEMBER 1977 
DATE TEMP SAL TEMP SAL tear SAL 
1 51.22 32.8 * 47.8 + i ee 450 3129 
re 51-6 3263 47 o% 31.1 4503 31.6 
3 8 ee, oces 47.5 31.5 45.3 31.2 
“ 52.9 321 43.0 31.8 %3.2 30.8 
5 Se ee 323 47ef 31.8 42.0 3129 
6 Saal 326% 47. 3 314 4ie2 32.5 
7 SceS Siss 4761 Rw 40.9 $29 
8 5203 3209 Lo. 3 ee Sr ¥ ros 9 + Sae0 
3 51.9 320% 4543 ears) 3809 S2el 
10 52e1 31.8 47.0 31.9 3923 $2.0 
1i 54.0 Sr eo Loo 31.6 Y3el 32.0 
12 52.20 S201 4702 514% 42.5 31-6 
13 5208 Bary 4 4Ooed 31.8 * 42.8 eS La S 
14 520% $223 47.3 320% W3el 31.9 
15 53.0 32.3 47.0 $15 4328 3205 
1o 51.29 532.25 4oe2 3125 417 5169 
17 5203 $1.9 450% Sie 42.0 30.2 
18 Soel 325 4b od a Yae, 42.9 31.9 
19 5069 32.0 Y4e2 3207 G2e7 3ied 
20 51.0 3265 42e7 31.6 G42 31.9 
ei weet sh * 32sec 4209 320% 43.7 31-9 
22 51.9 $1.9 420% he Fee 6322 5201 
23 51.0 320% * 42.7 a 0) 42e1 3260 
24 4926 32 0% 43.0 3220 41.9 32.0 
25 50.0 tds ee) 3220 431 32.7 
26 5067 31-8 44. 0 3126 43.38 Sc ok 
7 * 500% * Siies 4Yoed 31.9 43.0 3205 
28 pO ok 31.2 4528 S2e1 437 320% 
2g 50.0 31.9 457 3263 Gin 4 31.9 
30 4926 31.6 45> of 31.9 432 32-29 
31 48e2 31.8 0.0 0.0 41.9 3229 
MEANS 51-6 ears i 4505 31.8 42.8 318 
OBSVNS. 2g 29 26 28 29 ae 
YRLY eMEGNS ec ccc vvccesevceeeceoeesereesceececceevessceecees 4503 Seer 
MAXIMUM 54.0 S209 43.0 32.7 45.3 Soef 
MINIMUM 4822 Sec 420% Siei 5 bbe 5022 


STO.OEV. 1.30 058 1.65 e42 Liat 2 Db 
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BONILLA ISLAND 3. 29 SUN 140 35 04, a4 
JANUARY FESRUARY MARCH 1977 
DATE TEMP SAt TEMP SAL TEMP SAL 
i. 44. 8 Sve 45.0 $122 4>el 30.38 
2 4560 314 45.2 3i.i &Ye2 31.0 
3 4468 Sl ae 4566 31-2 4502 50 ef 
4 4Gef? Sid: es 46.0 30.8 45.2 30.04% 
5 432 31.2 452.2 Siiet 4509 $1.0 
6 44.5 30.3 45.09 30.4% 4Ye2 30.6 
i 44o2 30.7 45 ey 30.7 451 Sf 
3 44.0 30 0% 4505 302% 4523 308 
g 43.8 30.04% 4502 30.8 45.8 31-2 
10 43.3 30.6 Yoel 3iel 4Y~e.d Sissi 
11 44» 0 30.7 45 es 31.0 45.3 31.9 
pe 438 30.7 4503 31.2 45.0 S11 
1 430% 306 4503 30.8 44.0 Rate 4 
14 4303 30.7 45.9 30.7 44eo2 30.7 
a lb 449 30.6 45.8 31% 450 310% 
16 44ed 3024 4Ooel = iy BE uo? 30.7 
17 458 eT 4 4oe2 316 4502 $1.2 
13 45.0 30.7 Soel 31.26 G51 oi 92. 
29 +5 o% SO) od. 4628 31.6 456g et ea 
20 4505 SU eo 4oe3 31.5 46.20 Siei 
21 44 od 30.7 46.0 314% 45.8 31.9 
ee 45.2 30.7 4O 0 31.5 45.3 30.38 
23 44.8 30.38 % B45. 3 i, age fee A ye 30.8 
24 44.9 31.0 4504 SL ao 4509 31.9 
25 44.8 S1iel 45.0 31.0 4520 3026 
26 44.3 Si 45 Hayes 30.7 45.2 sisi 
27 G&. 0 31.2 44 06 $007 4502 $120 
28 44.1 Siel 45.0 Slee 44ed 31.2 
23 4369 oh «4 0.0 0.0 4329 30.8 
30 4326 30.7 0.0 0.0 Geel 31.20 
Ht 44 eo 8 31.0 0G 0.0 45.0 30.38 
MEANS 44.5 3 Oe se 45.6 $1.1 45e1 30.9 
OBSVNS. 31 ou 27 27 31 31 
MAXIMUM 4526 OL ed 4owd 3Le6 400 316% 
MINIMUM 43.2 30.4% 444 30.4 43.9 30.4% 


STO.DEV. e05 031i 050 037 060 022 
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BONILLA ISLAND 593 29 33 "W 130 38 Ow W 
APRIL MAY JUNE 1977 
DATE nhewe Nc aaa TEMP SAL TEMP SAL 
if 4507 31.0 YIe1 31.5 ie A 3101 
2 4509 Siel W7 ee 31.90 54 0D 31.3 
3 47.0 31.2 49.3 31.24% 55.0 Siel 
4 4623 Siel 49.3 31.2 55.90 31.0 
5 4703 3122 48.0 30.8 55.0 Sil 
6 4602 31.6 4325 30.8 5520 3003 
‘ 47.3 31.9 48.0 31-1 54.5 Sici 
8 4507 Sielt 48.5 3122 50.3 3162 
3 4508 31.0 47 2 0 31.8 50.20 Sic 
10 45.0 31.0 47.0 31.5 50.2 S42 
11 4502 S1ie% G7 ei 31.5 508 31.90 
ac 456d 307 43.0 30.7 5005 31-2 
13 4523 31.22 48.5 30.8 50.25 31.0 
14 35 o% 30.4 49.5 31.0 51.5 31.0 
LS 456 30.8 4965 31.0 5402 31.0 
16 4602 Slel 43.5 Siel 5409 Sioi 
17 GoOe2 314 50.5 31.22 54 e2 30.8 
18 45.0 Sie 53-0 31.4% 5545 30.8 
ig 4628 S1iei 2 Pia! 31.0 54 ed 30.6 
20 48.0 31-2 49.5 30.8 5364 306% 
24 4702 $56 Be > 50.5 31.0 5205 30.8 
ue 47.2 31.0 5405 31.0 53.7 31.2 
23 * 474% * 16D) 5320 31.0 51.9 30.8 
24 4766 31.0 540d 30.8 51.8 315 
3) 4Beol Si isa, 4Be2 Sil 51.28 31.5 
26 4609 31% 43.0 31-4 ye Wee's 3122 
27 4609 Sif 44 3 31.22 52e1 312 
28 « 47.0 31.4% 49.0 31-0 519 Siei 
“a 46.8 31.22 53.0 31.0 53.0 31.5 
30 43.0 $1.2 5409 30.7 54.8 31.26 
31 0.0 0.0 54.8 Sit 0.0 0.0 
MEANS 4Ee% Slee i 4929 31.61 5209 Siel 
OBSVNS. eg eo 31 Si 30 30 
MAXIMUM 4Bel 31-6 54 09 31.8 5520 3138 


STO.DEV. 1.07 Sa) 204d oc7 176 026 


3ONILLA ISLAND 


2) 
> = 
=4 
m™ 


MEANS 
OBSVNS. 


MAXIMUM 
MINIMUM 


STO.DEV. 


OANA SF WR 


a ae a 
Ne © 
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53 29 39.N 
JULY 

TEMP SAL 
54-0 31.6 
rae te, Sare 
54e2 he SP 
5h ey 31-4 
55.3 31-6 
5607 Sdees 
5406 Sven 
53.8 314 
53.0 Ry a 
52.9 31.4% 
5309 32 65 
54el1 31.1 
5469 30.8 
54e2 31.90 
5369 31.0 
530% 30.3 
5548 S1Lel 
5229 30.38 
5508 30.8 
5608 316% 
Sie 31-5 
551 312% 
5428 Ss 
54.8 SL 26 
5469 Seb wel: 
53.8 Salis 
5329 31.4% 
550 31-4 
5562 316% 
os ie, SA oc 
560 31.1 
5426 31.3 

30 30 
56-5 leet 
52.9 30.8 

1.03 °2d 


20 


130 36 0+ 


AUGUST 


TEMP 


5S 00 
54 6D 
54.0 
5209 
5228 
C2 eit 
Ep lt 
535 
5765 
oT a 
53.29 
55.0 
542% 
St ok 
5220 
5122 
515 
5249 
55 8 
Serene 
5302 
5402 = 
pea) 
54 eb 
55 ol 
ne 
5+ O 
543009 
Sei * 
5302 
53.0 


5403 
a9 


W 


SERTEXSER 
TEMP SAL 
54.3 S2el 
5 Sait Sid 
5269 SLietd 
5429 3105 
556 Sli 
D505 a os TS 
dies 31.9 
54.9 314 
DiDeak 31.6 
5523 31.4 
Sobel 31.2 
5602 31.8 
ee tte 31.6 
Dilton d 32.0 
52.3 31.9 
Sidiee Re 
Sed 32.0 
51.0 31.4% 
Peters 314% 
pt | 31.4% 
53.0 ki Pr | 
Oa atk 3 
52.0 315 
Site XV CPU 
Sl wid, died 
Se OU 31-5 
Slee 31.5 
Gidea: I SiS 
516% S1e+ 
512d 31.5 

0.9 0.90 
SSierd 31.5 

3 30 
5602 re | 
51.0 31.0 

1.66 226 


1977 


2] 


BONILLA ISLANO 53 29 8o°N 130 33 O04 W 

OCTCBER NOVEMBER 

DATE TEMP SAL TEMP SA 

1 5167 31.8 43.8 30 

red 53.20 $1.4 439.9 31 

3 5128 * Sisco * 496% sli = 

& 50.6 31.6 4Be2d 31 

2 5127 S1eo% 4826 30 

6 50.0 dial 43.2 30 

7 50-9 31.6 48.3 30 

8 51.0 31.25 43.0 OL 

5 50.5 Sra> 43.0 31 

10 4909 31.2 43ec 31 

11 5iel 31.90 48.7 pe | 

12 5169 312 48.0 Oa 

13 52.0 3121 47.3 30 

14 50.9 31.6 43e1 31 

15 51.9 31.4% 438.0 31 

16 51.28 3126 47.6 G6 | 

17 5123 32.0 47.8 31 

18 51-1 S2ei1 47.0 a ea 

La 50.9 31.9 40.0 aud 

20 49.3 31.26 Que2 31 

21 49.8 31.8 44.8 31 

22 51.0 31.8 WZ oh oa 

23 51.0 31.8 &2el 30 

24 50.2 31-6 B3e2 30 

Mh! 50.8 31-5 44.9 30 

26 49e1 31.6 45.6 30 

27 50.1 31.23 4509 30 

28 50.2 31.4% 8523 2g 

2g 49.6 Siel 4508 30 

30 5061 oie 4>el 30 

31 4929 31.5 0.0 0 

MEANS 50.6 31.5 4668 39 
OSSVNS. 30 39 23 
Phi Te MeCAND © © 5 60.6 6 6.6.66 6.0.6 60.4.6 09 00.6 06 8 0005.6 

MAXIMUM 53.20 3S2el 439.9 on 

MINIMUM GIJel 31.0 42.1 2g 
STO.OEV. 089 Bea 2292 


L 


of 
e 0 
e 0 
ei 
o7 
06 
06 
24 
05 
22 
el 
el 
o 8 
el 
20 
ol 
04 
e2 
0 & 
4 
2+ 
el 
o7 
o 3 
02 
06 
07 
3 
re) 
04 
° 0 


03 
29 


e9eeoesnueaesvs ee 00808809 @ 


) 
39 


e 41 


DECEMBER 
TEMP SAL 
45.2 300% 
45.0 30.0 
B52 30.3 
44s2 31.0 
41.2 31.0 
81.9 31.0 
61.9 311 
42.0 31.2 
41.9 31.2 
41.7 31.9 
44.0 31.0 
4308 310% 
45.0 31.5 
4562 $1.2 
44.0 Swe 
H3oi 31.0 
43el 31.0 
&2e1 30.3 
4265 * 30-8 
43.0 30.8 
4323 31.0 
4325 31.9 
4323 310% 
42e2 31.0 
431 31% 
43.5 31-5 
43.5 Siei 
43.0 3164 
43.7 Sek 
43.0 312% 
4228 3125 
43.3 31.1 

39 30 
48.9 Sisd 
4O5ec Sieg 
41.2 300% 

1.13 »c7 


1977 


22 


MCINNES ISLANO G2 ob oe. uN N28 .e%5 VL EN 
JANUARY FEBRUARY MARCH 1977 
DATE TEMP SAL ete SAL TEMP SAL 
1 42e3 2623 4&4 o1 25,05 45 el 30.0 
2 4323 282 4329 29-44% 45.9 30.0 
3 41.7 27 el G4 ec 2924 44ed 30.9 
a +2e0 28.0 44.9 2303 44 oJ 2909 
5 4203 26.45 8502 29-9 YOel 306% 
6 4265 eo 4503 3U.0 4565 500% 
7 43.0 die Wa 4505 30.2 4oeI S1iel 
8 &2ec 265 4503 30.0 * 45d * edt 
g 4206 28.9 454 S002 * 4501 * 30.3 
10 43.0 29el Hoot 30.2 4%. 29-38 
11 4307 ae Ws) 45.5 30.3 * bee? * Zed 
1é GY3e% 290% 45e & SiGe ns 443 30.0 
13 Yoel 29.07 * 455 * Slers 44.6 30.0 
14 43.8 rape NS. 4D07 30.3 GHe2 i pels 
15 Yeed 29-8 46.0 3007 4309 28.5 
1o6 4503 2904 4502 2549 43.9 24e1 
17 * 4564 ieee oe 4565 50.0 4% ob die Ie 
16 4505 doe Oe 450% 29.8 44.5 29.7 
19 & 5% 2929 * Ue% * Dieu Gwe S 259038 
20 45.23 29-9 ¥ Ub 65 * Bile ic G4 oh 2928 
21 45.0 29.9 45.5 50 0% “Sei 30.9 
22 4467 25920 4565 30.90 4501 2928 
23 4464 29.0 4505 “aie HD0e% 30.2 
24 4309 29.1 4469 29.7 4565 30.3 
25 43.7 2304 oo? 530.3 45.0 30.0 
26 43.8 2964 4502 3002 45.0 30.3 
at d 43.3 290% 4505 30.2 451 30.7 
28 43.2 296% YDS e% Bile 5 44.9 30.2 
2g 4323 291 0.9 0.0 4ue5 30-3 
30 43.9 C987 0.0 0.0 Ye od 23.9 
31 43-5 25 so 0.9 0.0 45.0 30.0 
MEANS 436 2st 4562 30.90 +4oJ 30-0 
OBSVNS-. 30 30 29 a> 26 28 
MAXIMUM 455 ree ee | 400 30.7 4oed S1ei 
MINIMUM 417 20.3 439 2544 4309 2805 


STO.OEV. 1.060 233 220 32 0 +5 +8 
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MCINNES ISLANO 52 15 48 N 128 43 10 W 
APRIL MAY JUNE iss 7, 
DATE TEMP SAxu TEMP SAL TEMP SAL 
1 45.3 $0.0 48.5 3022 Sis 7, 300% 
a 45.6 30.0 4766 3022 50.2 3026 
3 4Oel 2928 43822 30.4% 516% 30.8 
% 4625 29.9 48.0 3024 50.7 30.3 
a SES 3022 48.2 30.4 Ji Be! 30.7 
te) 4be5d 30.9 49.2 304% 5202 30.2 
7 4b6e3 30.3 43.6 30.7 Sa4,9 3002 
8 47.0 30.3 48.3 3024 52.0 30.3 
3 4609 30.4 43.3 30.3 py Lae He 30.7 
10 4604 30.6 47.3 300% so Le 30.3 
seal 457 307 47.56 3023 Ye ce ees 30.6 
12 46.0 30.8 47.6 306 Ws yd 30.6 
1S 456 50.7 47 eof 30 4 51.0 30.7 
14 45.8 30.7 47.6 3026 514.5 305 
15 46.0 31.0 del 30.7 5202 308 
16 45.8 Saau 4BeY 30.7 51.25 $1.0 
17 4528 30.8 43.8 306% 520% 31.9 
18 456 30 7 5001 30.6 5207 OUet 
19 boe% 30.3 50.0 30.24 53.0 308 
20 4609 30.2 49el 30.6 52,9 31.23 
21 47.0 31.0 430% 300% 528 31-0 
ae 46.6 Pato Wee 4906 304% 5203 31.0 
23 489 28.25 5042 30.23 51.0 30.3 
24 49.0 oie Woe. 432d 3023 51.0 31.9 
25 48.3 29.8 43 o% 3023 50d Sie k 
26 47% 30.0 49.9 300% 50.7 Site bh 
27 4609 30.3 43.9 30.26 51.2 Siel 
28 4703 30.2 50.4% 29.9 51.5 31-2 
2g 470d 30.9 oo 3022 512d 31-2 
30 48e2 30.2 Sire. 5 30%e'c Sa 1 30-6 
31 0.0 0.9 Ssb.6 30.22 0.0 0.9 
MEANS 4607 30.2 43.0 300% 51.7 30.7 
OBSVNS. 30 30 a1 31 30 30 
MAXIMUM 49.0 31.0 ps Bao) SO et 530 Sie 
MINIMUM 45.3 Fedo ae 47.3 2929 5022 30.2 


STO.OEV. 098 053 dee Ue ne ie) 073 030 
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MCINNES ISLAND S52 15 48 EN L2h463 10 4n 
JULY AUGUST SEEIEMNSER Liger 
DATE TEMP SAL LaMP SAL TEMP SAL 
1 Dee. 30.38 55-0 29.7 S322 Siei 
2 520% 30.8 5003 30.0 57.23 31.9 
5 5 3a5 500% Slee 29-8 58 «4 2909 
% 540% 30.0 5455 29.9 95e5d SUe2 
5 5426 2925 57.7 23.0 Shad Siel 
6 5526 23903 5002 29.6 prey 31.0 
7 S305 29.5 Sea U 23.7 58.5 30.3 
Le) 53653 2230 Shae 29ef 538.0 33-3 
9 53-9 racae 5369 e260 57.8 Siei 
10 5204 2907 532 2909 53.9 31.0 
we 5228 $055 5926 30.3 5Be2 30.3 
ac 53-2 30.2 54 es 30.6 57.38 oye 
5 5367 2905 5645 30.9 57 a4 30.0 
14 54.0 30.2 53.26 30.0 5607 30.3 
15 5267 30.2 60.2 23.0 55.7 30.3 
16 5208 30.2 59.0 30.9 S4e7 3007 
ws 5346 30.8 5603 50.0 5020 30.7 
18 Sa the, 29238 Od ae 29.9 pod 300% 
i Le 550535 295 5565 30.2 54 ed 2205 
20 5540 28 52 eo eT * 304% D4 e2 30.9 
21 55a c 294 59.95 30.26 55.0 2925 
22 Doe t 29 35 5306 Sat. od. 55-8 31.0 
23 5303 2928 S30 0 31.0 53.69 531.0 
24 54.0 30-2 * 59.4 + S45 oo 5402 30.7 
25 Dias 1 290% i a 31-2 5402 3026 
20 ais 5 2Ie+ 5301 SG aif, 55.3 30-6 
27 55.6 29.7 55.63 30.8 5405 30.7 
23 55.0 0 2969 59.3 Si a0 54 e2 3026 
29 SiGe 1 SO oe 5364 31.0 5403 30.4% 
30 5007 30% 534 O1 apf) 540% 3007 
OL 560% 30% Bis7 30.8 0.0 0.0 
MEANS 54el 292.9 SA5 0 3Ue2 5h a3 30.5 
OBSVNS. $1 31 ra oe 30 30 
MAXIMUM Sis f 30.8 60.2 Sd. 92 4a U Siet 
MINIMUM Sars t. 28 +9 CH eS 26.0 553.0'9 e3en 


STO.OEV. 1.2y ee) 1.49 70 1.75 046 


a 


MCINNES ISLANO 52 15 48 N 123 #3 10 W 
OCTOBER | NOVEMBER DECEMBER 1977 
DATE TEMP SAL TEMP SAL TEMP SAL 
i 54 e2 30.5 43.9 30.8 462 30% 
“s 54.23 30.7 47.8 30-7 4502 30-3 
3 53.38 31.9 43.6 30.6 44.5 30.2 
dy a wy 31.90 47.8 290% 4 eo 0 31.0 
5 wD ec * 3059 47.3 29.0 4305 300 
6 Dis ele 30.7 47.3 2965 oe tie 0 * ~ Ded 
7 5323 30.¢ 4b 31% * 90.0 * 0.0 
8 Die sic 30.6 48.0 3121 ‘ae UD 0i0 * Died 
=] 520% 31.90 4704 $0.22 “os 0 * 040 
10 520% 30.38 476 30.24% +e 088 ¥ © Ve G 
il 520% 30.7 43824 30.6 vb ue ¥ ~ 80 
iz 5208 ep bs: 4306 3026 4502 31% 
13 5200 30.8 * 438.5 * SDet 4Oe2 315 
14 51.3 3023 * GSe% * 30.9 GOed bis OA 
15 * 52.0 * 31.0 48e2 Ros teri 8 Yoel 315 
1o 5202 31.2 47 o& 30.4 4502 Sie 5 
17 51.8 31.4% 4603 50.0 4%. 31.2 
18 51.5 31.6 45.0 2828 44.3 31.0 
a9 51ief 31.6 44e2 2961 44.3 3007 
20 51.0 31% 43.8 2928 44.6 300% 
21 50.38 312% ; 43.7 2904 4Yed 30.2 
22 . 50.7 Spec 43.2 29el1 oe Se 300% 
23 50.7 ay ain 43.0 29.0 4265 3002 
24 50.3 Si. 9 44e2 30.22 43.0 30.3 
25 5 eS 44 26 30.0 42.3 30.2 
26 50% 31.9 “So% 30.8 43.9 30.3 
27 ** 50.2 * Sis 3 * 45.7 #3055 42.8 30.8 
28 1’ Sv. 0 eee ey b 46 « 0 30.3 &2.8 31.0 
2g G97 30.6 4702 Sie 43.6 31.2 
30 497 30.7 4Oe2 30.7 420.5 303 
31 49.4 30.6 00 0.0 4208 303 
MEANS 51-8 a ie ky 46.5 3022 GYHeo2 308 
OBSVNS. 26 26 al Zt 25 Lo 
YRLYe MEANS c ccc cccncnccccncescsseccscsensecesecsscvcesees 4945 30.2 
MAXIMUM 54-3 Bp ee) 43.9 ey 4602 31.5 
MINIMUM GIe% 30.6 43.0 23.28 42.5 3020 


STO.DEV. 1.38 etl 1.68 073 1.23 0&9 


26 


CAPE ST JAMES Bi 6S WON 131 00 50 W 
JANUARY FEBRUARY MARCH 1977 
OATe TEMP SAL TEMP SAL TEMP SAL 
Hf 4605 5: 0.0 46.9 a4 0.0 4620 * 0.0 
2 4623 * 0.0 46.95 ¥*. Died 4623 * eA 
S 460% pee ge ap koe 7 * © Dred * 6626 + ¢ Gat 
4 4603 * 0.0 * 43508 * « Da 0 40.9 * athe 
5 46.26 ¥ Fe 47.0 +8 Ot 4%O~e2 * 2 ie 
6 47.0 * D.0 * 40.9 * <= Dod *- | Die 0 * £069 
7 468 * 0.0 46.8 NS tel ve e'D ¥ Det] 
8 4606 ¥ Det * 46.7 Dine) = Ae 0) ¥ gp s8 
- 467 * 0.0 4605 * Fed 4602 * gAlnd) 
10 465 * Wee * De * © isi * 4602 ¥* 4000 
shy 4609 +) WED) a) ‘le U Da * Goel * 7 ed 
12 465 + Mei ¥ aetiite ¥ re GOeol ¥ Wied) 
13 46067 ¥ 7 real +. “De 0 * ED iex 4be2 * ped 
14 &7 ol 8 0.0 = 0.0 = 0.0 4be% * 0.0 
5 He 4605 ite 4oeod * Died 4Oel ¥ hel 
16 * 46.28 + | Des * 4626 * 7400 Yoel F awe’ 
17 * 4629 = 0.9 4665 a 0.0 46.0 = 0.9 
18 47.0 ¥ i re Fe Ore U ¥* Bred 46.0 + Le] 
19 * 47.0 ¥ Ded Fee Glia *. ek) 4602 ¥ 5 Oe0 
20 470 eed) Tae gt U + "Die 4o.3 ¥ selieD 
rads | * 466 *¥ 9.0 %~ Da D + Are 46.7 * 0.0 
ac 4606 oS Decal 4626 * = Died 4602 * gelied 
25 4667 mg 0.9 4oe0d + 0.0 * Wbe2 £ 0.90 
24 46e5 ¥ “0 o) * 4609 7 Wet 4601 ¥ pa0e'U 
rae) 4625 + ted * 45038 * DD Goel * seetQ 
26 46.5 + sn) 4oe7 ¥ 9 oD 4507? F peed 
27 46.3 oS Ura 45.9 pam eet 45.7 * oe ake'l 
<0. (C 4+OHe2 *: © aiieal 4608 * 9D ew 4505 * eee d 
"ge GEe% * Fate 0.0 0.0 46.0 * so sthel 
30 4602 29 0.0 0.0 0.0 4oe2d = 0.0 
31 * 46.5 + "SD eal) 0.0 0.0 4609 Fp piel 
MEANS 4666 0.90 4o 28 0.0 4Oe2 0.9 
OBSVNS. 26 0 13 0 24 0 
MAXIMUM 47eoi 0.0 47.0 0.0 4603 0.0 
MINIMUM 4622 0.0 4oed 0.0 Goe7 0.0 


STO.DEV. 2d 0.00 eid 0.00 029 0.00 
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CAPE ST JAMES 34 56 18 °N Paro? SO? 
APRIL MAY JUNE 1977 
DATE TEMP SAL i fog Ba SAL eset SAL 
1 4602 bg 0.9 46.29 = 0.9 49.0 ¥ 0.9 
2 4607 * Det 4oe7 Pooeus U 4326 * 20.0 
3 4605 adams ei 47 eo1 nie a: ab as * 2H. f 
4 4Ee7 *: D0 47e2 7 340 * 50.4% 7 0,0 
=, &7 el * 0.0 47 6% * 0.0 439.0 a 0.9 
6 4605 sea eS 47.9 * 0.0 48. * £029 
7 46.7 7) eo 47 09 are kc Pi 4309 * 1004 
8 * 46625 7 Was 47.8 Go 48.86 = SO 5% 
9 * 4663 * O40 * 47.5 * 59 4963 * © 0.9 
10 4Oel se at 47 oi ~ 50 4902 + 91050 
11 &602 + —2's0 Goe9 oS 50.4 * 72059 
12 * 4569 * Ved 47 2 * 0.0 * 50.5 ~ 20's G 
13 4525 = aoa 4609 +. OU 5026 * ox 0 
14 * 45.25 + “ew 47.3 * 0.0 51.0 + 2050 
15 Go ot * 0.0 * 47.26 re 5129 o 9 250 
16 4507 ~ (000 * 43.0 * 9.0 50.6 * ORO 6d 
17 4505 * 0.0 4B e% ore * 50.7 * 5000 
18 * 4529 ea 48.5 * "aD 50.8 * Pat eD 
193 4604 pa eee) 43ei * SD 51% * ©5009 
20 4602 7 Uae 48.1 * “Oso 52el * 0.0 
ei * 4602 + Ow ad 43 05 * 0.0 50.6 + +0» 0 
22 46.1 ¥ 08 48.0 * ‘U's 5123 +2 ee 0 
23 * booed * 0.0 ved. 0 * “De S * 50's ¥ 9 6 D 
24 47.0 ws 0.0 = 0.9 og 0.0 4929 . 0.0 
20 471 * (050 owe 0 + SOU * 4929 ite at 
26 47.0 + Us + 0 40 * SO a0 * 49.9 +P S050 
27 4606 * (059 veel * ‘“Owu 4909 * 0.9 
28 * 4606 * 0.0 ort. 0 * "O20 4928 Ths O00 
co 4605 » 70.0 48.9 * "020 * 49.7 * 0.0 
30 47.0 > “De GQet NO a0 4926 FV Oia) 
31 0.0 . 0.29 YDe% ea 0.9 0.9 0.9 
MEANS 4604 oS 47 od 0.0 5061 0.0 
OBSVNS. 22 0 ‘ad 0 23 0 
MAXIMUM U7 el 0.90 YJe% 0.0 Sead 0.0 
MINIMUM 4OeG 0.0 Loe/ 0-9 486 0.0 


STO.OEV. 053 0.00 0/78 0.00 1204 0.00 


28 


CAPE ST JAMES 51 So - Loan 13°05 50.40 
JULY AUGUST SEE FENDER. LEGIT 
DATE REMP SAL LoMP SAL LEGP SAL 
1 49.6 * ‘0.0 5125 * 0.0 5625 * B00 
2 50.0 een 51.25 * Abe 95.05 * P08) 
3 50.5 * 2 ea 5265 +) Viewed 33999 * 000 
& 50-5 bi 0.0 S205 * 0.0 55 ee * 0.0 
5 50.0 * 050 Diao * Te ay 5602 + BUS0 
6 52.0 si rg | S306 * BBO 54 el ~ oo eu 
7 * 510% ¥ eel 53-6 * OS5 5326 ~ wied 
fe) 50.7 * 0.9 5348 * $000 parte e WAY Ses 0 
Sg ¥e Sis 5 * “54 30.5 6 ¥ 9D oD 5309 pete ioe 
10 Pes S * Ded 5505 * 80 30 Sw ee * Saved 
11 5001 ¥ 700 54.3 * #060 56.0 ve weoeU 
Li 506 oO aw 54.3 * 20's.) 5020 * Oe 
13 51.0 * “+060 5607 * 8D 0.0 oD we 1 * eueu 
14 50.4% *) 40 6D 57 el * Sead 5602 7 0.9 
15 5220 * 0 5oed * TO eu Bac ~ Gauge 
16 ies 5 * 0 oD 5004 He AD 0 55.20 * 2080 
is 50.7 + sO 6D Ie 4 FP ed al) 54.9 * Gruso 
18 50.5 + Fe oD 55.0 * "0 4.0 oe 9 * “70% 0 
195 50.9 ag 0.90 542d 7 0.0 54.38 - 0.0 
20 5146 ¥en) a0 54 e7 * 0 6.0 Boe 4 ewe 
ap Bie c + ev 5b. 3 * 0 0 54.0 * OC a6'0 
ce S1el * 90a) Bis 1 * §.0'6,0 5205 * 0.0 
nae: 51-5 * © 0'¢0 54 ee ¥ 1.06.0 5320 ¥ 020 
24 53.0 a 0.0 54.8 : 0.0 54 el * 0.9 
25 t'S2.45 > 0.0 55 0 7 0.9 5220 i 0.0 
26 52.0 * 0.9 54.0 .; 0.0 5260 * 0.0 
7 51.346 * 0.9 54.0 2 0.0 5205 ~ 0.0 
28 aU aS * 40450 52.5 * 40% 0 5560 pare tai 
2g 52028 * B50 53.20 * WO, 53.20 on ee 
30 oS el * Bie 0 5406 ¥ te die O 51.9 7 ae Ale 
31 5266 + 9060 530% * 406.0 0.0 0.0 
MEANS 512 0.0 54.3 0.0 54 es 0.9 
OBSVNS. 26 0 SL 0 26 0 
MAXIMUM 53.1 0.0 Sia i 0.0 505 0.9 
MINIMUM 4926 0.90 51.5 0.0 51.9 0-0 


STO.OEV. 37 0.00 1.41 0.00 1242 0.00 
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CAPE ST JAMES 51 56 18 N roi'"60 Sik 
OCTOBER NOVEMBER OECEMBER 1577 
DATE TEMP SAL TenrP SAL TEMP SAL 
1 5107 ¥ S030 * 4862 * S829 47 ot * 407.9 
Zz 5202 *. 903 4726 ete @ 4609 * me 0a 
3 5202 * 0.0 ge kB + #249 462 * O50 
4 52.6 * 0.0 NRO se * Soae 4Oel * 866 
> 536 ~ Seu erate 0B ~*~ eed 4602 * 0.0 
6 53.23 paris ae 47.5 + SOe0 4606 * £060 
7 520% * 0.0 473 * 602% 45.6 * B08 
8 510% * S080 47 o% ¥ F090 45.0 * = 0.0 
g 51-6 2 0.0 * 47.9 * 0.0 44.5 ie! 0-0 
10 51.6 - 0.0 43 o% * 0.0 4620 = 0.0 
11 * 50.2 *. S050 +7 ous 0 t Aeee 86.0 * +a 
12 48.7 * 8060 ** EU e 0 * OSG 4506 + ee 2 
i3 4609 * S950 * 0.0 * S050 4529 * 0.0 
14 50.0 eee U 4723 * FutU 45.7 ¥ 0.0 
LS 486 * 0.0 47.23 * 3039 85.5 * Sd eG 
16 %&9.0 * O50 47.5 * 0.0 45.5 * 20.9 
17 &Be% © 0.0 * 0.0 * 0.0 W5e% ~ 0.0 
18 YBe7 _ 0.0 * 0.0 * 0.0 45.0 * 0.90 
19 49.00 * (MND “eaglg =°* fON8 asia * 25.0 
20 49.4 = 0.0 * 0.0 “6 0.9 US eo = 0.9 
21 * 48e7 * 49059 4509 * SUSU 4526 * §°0.0 
ec 47S * 29%0 465 * POR 45.9 * 250.69 
23 4705 * 20%0 * 47.0 * Fo 45.5 * 0s 0 
24 * 4&7 e2 af 0.0 475 2 0290 45.5 = 0.20 
2s * 46.9 * 0.0 47.5 = 0.0 4 oe4 * 0.0 
26 4625 + POST 47.4 * Fosw 45.5 *. 0.90 
27 * 471 * woe 47.5 + eo 4525 * 705 9 
28 ; 4726 = 0.0 * 0.0 nf 0-0 45.2 + 0.0 
29 47.6 * PUe'0 0's 0 + 45el * 0.9 
30 * 48.2 + FUGD rs O * F054 45.0 * 180 66 
Sa Bel ag 0.9 0.9 0.0 Goel * 0.9 
MEANS 50.9 0.0 47 04 0.90 45.6 0.9 
OBSVNS. 25 0 14 0 31 0 
YRLV ea MEANS cs cc cveccovccccecenscece caver esccevevsesseesess 4902 0.0 
MAXIMUM 9506 0.0 4304 0.0 G71 0.0 
MINIMUM 4625 0.0 4625 0.0 44.5 0.0 


STO.DEV. 2207 0.00 042 0.00 05? 0.00 


EGG ISLANO 


DA 


MEANS 
OBSVNS. 


MAXIMUM 
MINIMUM 


STO.DEV. 


TE 


WOanN own ft whrd 


51 15 06 yN 
JANUARY 
TEMP SAL 
4305 $0.3 
44 o5 30.6 
Quel 30.8 
4326 30-6 
4 3e% 30.6 
445 30.8 
buee 30.8 
4&ol S38 
H&eh 30.6 
Yuec 30.6 
43e7 30.6 
435 30.6 
44 eo 307 
4520 306 
4503 30.67 
45.5 30.7 
4526 31.0 
4506 31.2 
4509 Siisz 
4507 31.2 
4500 30.8 
44% 30.6 
Y4e2 30.6 
44.5 30.3 
YU 30.8 
G4el 30.38 
4305 31iel 
Guel 30.8 
434 30.8 
43.0 30.4 
45.0 30-6 
444 30.7 

31 Si 
45.9 31.2 
43.0 30.3 

077 022 


30 


127 439 53 W 


FEBRUARY 
hea? SAL 
449 30.6 
44-8 SU eS 
45.8 30.7 
46.5 S007 
4928 30.7 
4Oed S024 
4Oo7 30.7 
4O 04 30.7 
4622 31.0 
46.3 3007 
45.8 30.7 
4Oe2 30-4 
4538 31.0 
4oed Set 
46.0 30.7 
46.6 30.7 
oe 30.7 
46.9 30.4% 
4oed 39% 
4626 30.7 
46.5 3007 
4604 30.7 
4505 30.7 
457 302% 
4506 30.7 
4505 31-0 
45.6 31.0 
45 o% 31.20 

0.0 0.0 
0.0 0.0 
0.0 0.0 
461 30.7 
26 28 
469 31.0 
44.8 SDigS 
058 ° 20 


SAL 


30.0 
30.7 
30.7 
30.7 
30.7 
30.7 
30.7 
30.7 
30.6 
30.6 
30.38 
308 
3038 
30.6 
30.6 
30.0 
30.4% 
Set 
5067 
31.0 
31.90 
31.9 
31.0 
3005 
30.8 
30.34 
Siei 
S11 
30.8 
Siel 
3002 


30.7 


$1.1 
302 


Bat? 
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EGG ISLAND 51 15 06 N 127 49 53 W 
APRIL MAY JUNE 1977 
DATE TEMP SAL TEMP SAL TEMP SAL 
i 45.6 $1.0 43.3 S1is% 52.0 32.0 
2 47.3 31.9 48.4 Sie 51.7 31.9 
3 4705 31.6 4Be2 314% 5061 S2el 
4 ¥3e2 Siel 4307 3124 * Si s0 * 31.8 
3 48.0 Sieol * 43.7 * 3 ine 3 52.9 S1ie% 
6 48.6 30.8 50.38 Siel 5248 31.25 
7 49.0 31.2 43.7 31.1 5203 31.8 
8 4805 Siei HIe% 30.7 S301 3002 
9 &Bel 31iel G&Be7 3026 5306 29.9 
10 7% 310% 48.5 30.26 54.4 2903 
p * 46.9 * Sie3 oy we 2929 51.7 31-2 
12 4Oe% $1.2 50.4% 30.0 Si 6,9 31.9 
13 4563 31.5 50e1 30.9 520% 31.9 
14 45S 31.8 4904 3067 52e7 30.8 
15 & 59 51.8 49038 30.8 S3ei 31.90 
16 46.5 31.8 506% 30.8 54.5 29-3 
17 4506 31.8 50.6 30.38 5425 S064 
18 45.9 531.8 5009 30.0 540% 293.9 
19 47.0 Sie Sie 2929 5423 29.9 
20 47 e2 3125 5126 31.90 54.6 306% 
rap | 4&7. 8 315 52.20 3028 542 8 31.3 
ec 4Beol 310% 51.6 30.7 5369 31-2 
23 48.0 31.5 51.5 30.7 52.7 3122 
24 50.7 31.24% er 30.7 53.6 S1ie2 
25 4Ge5 31.5 51.7 3002 53.20 31.4% 
26 478 314% 51.4% 30.2 520% 31.2 
27 4729 3124 4902 31.24% ee be, 31.5 
28 47.5 Siel 50.5 Siel 5202 31.5 
ea 48.5 3023 5204 31.90 530% 315 
30 48.9 30.8 51.6 Si4% 52.8 310% 
31 0.0 0.0 ofet 314% 0.9 0.9 
MEANS 47.5 31.3 50.4% 30.8 53-0 31.0 
OBSVNS. 29 2 30 30 29 29 
MINIMUM 4503 30.8 48.2 29.9 50e1 29035 


STO»OEV. 1.30 031 1.20 049 1.13 of 7 
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EGG ISLANO 51°19 Gan 2th SS uM 
JULY AUGUST SEPTEMBER 1977 
DATE TEMP SAL NS ae SAL TEMP SAL 
1 520% Slis a 60.6 27 oi Sise 31.8 
i 5320 30.38 5466 290% 5161 318 
3 54% 30 «4% Ly re 2748 52.0 3125 
4 5 Led 30.3 5823 2944 BS od 315 
5 572 role « 620% 28.8 5342 Rik Pe 
6 5722 26.4 58.8 28.8 5220 315 
7 57.25 2328 Hee Yas ¥ tC * 31.0 
8 58.0 23501 57.23 2862 SPR: 306% 
g 54-1 27 SF COR 29.58 Silat 31.9 
10 5425 276% we 6 2907 55 7 30d 
11 55 6 & Zine D Sas 29.8 54. Y Sieg 
12 5603 Gina 55 8 30.9 5467 31-2 
LS at, 2505 586% Chee pe EES * Sis 
14 55 oy 2964 = ms 2948 53.0 30.7 
Lo 5546 aged 5925 30.0 S565 30.2 
16 5620 re O° 59-2 30.3 5204 31.0 
17 5367 30.7 99.25 30.3 53-3 CE 
13 5562 30.6 Bo ec 2967, 51.8 3122 
£9 57.7 Goen oT el 29.0 50-1 30.6 
20 55.8 2904 Sf 3.5 31.4 50.1 310+ 
21 58.0 2426 56.29 2608 50.90 30.3 
22 57 ee 28.0 * 56606 * 26.36 43.0 ap BAS 
23 5b20 hed 5003 2509 49.3 Shee 
24 5467 294% + Boas * 29.6 5002 29.9 
22 S4 oF 2967 54 e1 3024 4905 Sheol 
26 587 ok RS 55 26 30.26 49.5 314 
27 57 o% 200% 53.3 30.7 YJeb 31.6 
28 5623 26-6 $348 31% 50.8 3104 
2S 5667 2967 Sm Re ey 50.3 31.9 
30 > ee 263 54e2 31.4 50.2 31.0 
31 5926 28.0 Saat 314 0.0 0.9 
MEANS 5020 250% 56-9 23.7 blind 31.2 
OBSVNS. 31 31 2y 29 23 23 
MAXIMUM 5326 <% Sew 6224 314 oh ee | 31.93 
MINIMUM 5284 2301 -y aAT Ziad 49.0 2920 


STOeDEV. 1.67 1.98 2039 1.19 1.232 050 
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EGG ISLANO OM @hi5 Wo aN ate? V9 35:3 
OCTOBER NOVEMBER DECEMBER 1977 
DATE TEMP SAL TEMP SAL Temp SAL 
1 49e2 3125 50.9 Sissi 4507 31.0 
2 49.0 31-5 4326 Sileil 40.0 3068 
3 50-3 Siei 4je3 Siec 4505 31.0 
by 43.6 314% 438i 3024 * 44028 * 551 310 
5 YYebd 3104 47 o1 23.9 HY. 4 31.9 
6 48.9 54485 47.8 30.8 yo 4 3067 
7 50.6 31% 43.2 3028 435 30.7 
8 48.5 3138 4oe% Si st Y4e2 0 30.7 
S #669 JIS 4723 314% Oe ee) 3008 
10 4903 CES 43.5 31.0 465.0 30ed 
ur * Dae * 4Bef7 SUS &oe 3Ued 
12 43.3 31.5 * 4B.4 MMS ieee 45 of 300% 
13 43922 3124 43.0 31.38 &5.9 3068 
14 4Ge2 S102 4de2 3028 4Oe2 3008 
2 ee) 5001 312 48.3 3101 45.9 300% 
16 &929 515 47.1 31.9 4506 30.3 
17 &Ie% 31.2 45 oi 30.8 45.0 30.2 
18 49.6 31.22 44 0 2 2967 453 30.2 
19 49323 S1ieol 43.7 30.3 45.9 30.0 
20 %I9e3 SL wo 44.8 30.8 45o1 30.3 
21 49.3 31.6 43.9 3067 GSeol 30.6 
22 50.0 31% 43.5 S007 45.0 30.2 
23 49e% 3125 4S el Siel 44.5 30.3 
24 48.9 31-4 Loe’ 30.8 Yue 30.3 
25 4 ew 314% 7.1 31.04% yy o 8 300% 
2€ 50el 310% 4628 30.8 GHey 2908 
27 51.9 31.6 4626 30.8 eed 30.3 
26 © 50.5 31.5 460d 30.7 Le 530.6 
23 51.9 Sie Goect 31.2 45.0 30.7 
30 Siel Sis 46.2 30.8 Lee 30-6 
31 50.4% 31.4% 0.0 0.0 325 30.3 
MEANS 49Gef 31% 4609 309 45.0 3005 
O8SVNS. 30 390 2S) 29 30 30 
YRLV ee MEANS ccc ccc cccsv ence cevrcsesecessnesesevsesesvesesess “Je% 306 
MAXIMUM 51.9 31.8 50.9 31.8 4602 31ieD 
MINIMUM 4Be6 Sa se 43.5 2907 43.5 238 


STO.DEV. eo2d hic {eay7 o¥+2 “i> SD 
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PINE ISLANO 05S "30 8 12(/+43s 35 4H 
JANUARY FEBRUARY MARCH 1977 
DATe EMP SAL Je4P SAL JE MP SAL 
1 4605 Sinz 4620 31.0 &oeoel 31.90 
2 4605 31.8 4o. 0 31.0 46 0 31.2 
3 4oeS 31.5 46> Slac 4Ooel oS 
4 4605 Sia D> 4hOe5 S12 4oe2 3120 
5 4EoS 31.8 4o.5 Sie 4609 30.3 
6 4605 31.5 W005 31.2 45.8 31.9 
‘ 4606 31.5 460 31-2 45.9 3102 
8 4620 Sipe 2 46.0 31.25 4509 Ty a 
g 46.0 31.5 oe 5 Sind 46.0 31.5 
10 46e2 Sam 8 4O.5 312 ¥oe 0 3122 
11 46.3 3102 4605 3122 Boel 31.22 
ie 46.0 oO dgere 4Oo.5 3 iss 5 450d 31.5 
13 4660 31.0 46.5 31.2 460 335 
14 46 o% 31.0 465 Siwed Hoel ie 
15 4Ool 31.9 47.20 Shee Z &Oe2 312 
16 4600 31.2 47.0 Sia 5 45. d 3105 
L¢ 46.0 oO bie. c 47.0 3 deed 4o. 9 315 
16 Kool 31.0 47.0 Sie'e 4oe0 312 
19 463 3122 47.0 Site 5 &Oe2 31.0 
20 46> 3S iD 4720 31.2 4Oe1 31.9 
21 4625 S12 4625 a Lie < 4o20 Shoe 
22 46.0 Sie 2 460d Shy. U Loe U Sae'e 
23 47.0 $1.2 4oed 31.22 4569 31.0 
24 46.0 31.2 4605 3125 45.8 31.0 
25 4620 oe Oe) 4o.5 i 46.0 31.2 
26 4601 31.5 46.0 SiS Goel 312 
a 4602 3145 46.9 31-2 4+Oel $1.2 
28 %6el Ly Se 46 6 0 Sia SG 4603 31-0 
25 4660 51.2 0.0 0.0 4528 31-2 
30 Geos Shae 0.0 0.0 450% 31.25 
31 4OeE Sis2 0.0 0.0 4509 3125 
MEANS 4663 3143 4605 313 4620 31-2 
OBSVNS. Si $1 23 28 31 $1 
MAXIMUM G7 eG 31.8 47.0 Shed 46.3 31-5 
MINIMUM 46.0 31.0 4o.0 31.0 45.8 530.8 


STO.DEV. oc? 023 035 017 014% 019 


30 


PINE ISLANO 50 58 33 N er 43" 3> W 
APRIL MAY JUNE 1977 
DATE TEMP SAL TEMP SAG Tear SAL 
1 460 31.2 Gooey 30.8 uw7e7 31-2 
2 4620 Sh &2 40 0d 31.0 47e2 31.2 
3 46.0 3ie2 4Oo7 31.0 47.3 S145 
4 4620 S101 bowed Siel 43.3 31.5 
5 4606 30.38 4606 31.24 &Be2 310% 
6 &He2 Siew 4O08 31% 48.6 S1ie% 
7 46.3 31.2 47 23 31.4% “do 310% 
8 4603 30-86 47.0 3104 48.5 31.5 
g 4568 3164 * 4oed * 31% G77 312 
10 4601 SiLel 46.5 314% 4Bel 3104 
p 4602 31.0 46H o2 3124 43.3 314% 
12 45.9 30.8 4Oe% Si g2 GBel 31% 
is &508 31.0 Oe 3iel YBe2 Sived 
14 4562 SL «i 4oe7 diet 48.0 312% 
15 4507 31.0 472 Sil 48.2 Sheed 
1o G58 31.290 47.0 3124 438o3 3ie2 
17 4526 $1.1 47.0 31.22 49290 310% 
18 45o7 31.1 4726 31.2 G34 31-2 
139 4oel Siei 47 43 S1e2 49.5 Siei 
20 GOel 31-1 47 03 3122 4Je2 31.0 
21 4Oel 30.3 U7 ol 3124 48.5 310% 
Le 4626 30.38 47.0 $135 w3ee2 314% 
23 4702 31.9 47.5 314% 48.3 312 
24 46.8 Siel 47 0% 31.24% 48.9 31-5 
25 4Oo4 Sliec 470d 31.2% 43.23 310+ 
26 4602 Si ei 472 31.0 43.2 51% 
bE 46.3 31.0 4607 Sil 4B» % 314% 
28 46.7 31.2 45.8 Be ie | WBbe S122 
Be 4606 Sil 47.3 Sis2 & Boe 3105 
30 472 31.9 47 0% 312 438.3 312 
Si 0.0 0.0 47.6 3124 0.0 0.0 
MEANS G6ee Siel 47.0 Siac 43.3 31.3 
O3SVNS. 30 390 30 30 30 30 
MAXIMUM 47oe2 S1e% 47.8 31.5 4945 31.6 
MINIMUM 4562 30.8 45.2 30.8 47.2 31.90 


STO.OEV. 045 015 eo 41  & son els 
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PINE ISLAND 50.56 Gaon icy 85,33 W 
JULY AUGUST SEPTEMBER i977 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 479 Sie 4Bed 31.8 50.2 312 
2 GBel 31.6 4302 Siwe 4926 $1.2 
3 435 BB Be Yde2 31.8 49e2 31% 
4 462d S148 4307 o1ee 4920 Sie 
5 4B.7 316 4305 31-9 4Jei 31.28 
6 &8ed 3126 Gjel1 31.8 50-2 31.5 
7 46.8 Saces 50-2 315 50.0 PS 
8 4Boo 5155 506b $445 50.7 3220 
5 4920 31-6 49.3 31.9 52.20 31.4 
10 48.8 Ee Gjel $145 Oe war, $122 
11 &Bel 31-6 50.5 ef es 5025 5 iio 
7 We 47.9 3164 451 31.6 49.6 3200 
13 GBe7 31% 50.2 316 49.0 31.6 
14 49.0 31.3 50.7 31.5 4Jel 31-5 
15 GIe2 315 S1iel 3122 43-6 5126 
16 GBeb 31.9 S1 ei Sp Ee GJeol1 3204 
17 46802 32.0 50.7? 312% 4307 3125 
18 485 3138 502 31-8 48.6 3126 
1% 4902 31.9 4326 31.9 4B» % $12 
20 49.0 32.0 4326 $1.9 4Be7 Sil 
21 4809 OL aS 49d O15 4de7 31.4% 
22 46809 31-8 5002 319 4de2 3003 
23 490d 31.6 4925 31.5 48.2 3124 
24 4904 31.3 4363 31% & 30% 31.2 
25 4907 31.8 50.0 31.4% 4Bee 31-2 
26 4923 3124 49.5 31.1 48.26 32.0 
27 4926 51.6 4302 31.0 438.3 32.0 
28 4GeJ 31.25 43.0 31.0 GGe2 31% 
29 50.0 Slaw 2 45.5 314 430d Sie 
30 4SGel Sie 2 4869 31.26 GB2d 314% 
31 4805 5156 4Jeb 31.24% 0.0 0.0 
MEANS 48d Sew GJev 3126 4322 31.5 
OBSVNS. $1 31 o1 SL 30 30 
MAXIMUM 50.0 32.0 Siw i S129 bese 320% 
MINIMUM 4709 Sdsee 4be2 31.0 4Be2 30238 


STO.OEV. 056 «20 0738 026 1.05 0 34 


SY 


PINE ISLAND 50 26 35 WN 2t “G3 35 wW 
OCTOBER NOVEMBER DECEMBER 1977 
DATE rear SAL TEMP SAL TEMP SAL 
1 4307 S14 4925 $1.2 4oed 30.5 
2 49.3 31.8 48.7 Sieol 47 el 30.7 
3 50.2 31-8 46.5 31.22 4602 30.38 
4 4903 3201 KBe% Slee 46.90 $132 
5 4606 320% 43.6 31.6 46.0 30.8 
6 45e2 321 439 Siel Goel 30.5 
7 476% 31% 47.8 31.9 44.8 3064 
8 Sec 31.6 47.3 30.8 4503 $0.6 
g ¥Be2 31% 4Oed 31.6 442 3007 
10 4Be2 Sipe 47.38 30.4 45.1 $141 
11 4bBo% 31.3 475 3026 4660 30.6 
p 4809 $16 ¥7eo 31.9 450d 30.6 
14 4826 31.6 47.28 31iel 46.0 30.8 
15 4320 S2al 43.2 31.1 46.90 30.8 
16 4B. 0 31.9 47.6 Sia0 46.2 30.8 
We &9ei 32.0 47.3 3026 4oe J 30.6 
16 50.0 $i <o 4728 Siel 4567 314% 
19 50.0 Sisd 47 ot 30.7 45.3 31.28 
20 50.0 Re | 460% 31.9 4525 31-9 
21 50.0 31.3 4606 30.7 45.7 30.3 
22 489 31.2 4Oe4 3i.i 4409 30.38 
23 &9.8 Sie i 45 6h 31.24 ¥5—3 300% 
24 50.09 319 4563 30.5 40.0 306 
25 502% 31.9 4606 308 4Oe% 30.7 
26 5123 Si. 460% 30.7 G60 30.6 
27 50.5 31.4 46.9 30.8 4602 3100 
238 5007 312% 47el 31.9 46.20 31.0 
2g 50.2 31.29 47.5 31.0 &O. 0 30.7 
30 4923 312 409 31.20 46.) S1iei 
31 486 Sisad 0.0 0.0 45.5 31.0 
MEANS %9Ge2 cE wry 47 o% 31.0 4523 30.8 
OBSVNS. 31 $1 30 30 ot Si 
VRLV eMEANS c ccc cv cc vcescc ce cnavecesesecesveececvrevceesess YieD S, fy Wy 
MAXIMUM 51.3 Jeet 4905 316 47 ol $15 
MINIMUM 47.8 31.1 4503 30.4% 44.6 30.3 


STO.DEV. 099 03 091 Pad 056 032 


KAINS ISLANO 


DATE 


MEANS 
OBSVNS. 


MAXIMUM 
MINIMUM 


STO.DEV. 


_ 
ecCewoanr owes WR 


- 
= 


_ pp 
fw hy 


15 


50 02D “as ob 
JANUARY 
TEMP SAL 
bel 29-0 
458 29.04 
e5ef 290% 
e507 29.3 
4Oe9 30.0 
47.3 302 
4Eo% 30.3 
4607 30 0% 
474 30 0% 
460d 30.3 
46.8 30% 
4Oo7 30% 
4Eebd 30.3 
47.3 30.4% 
47eb 300% 
4726 307 
476 50.8 
&7.3 5.Uiec 
U7 e7 30-0 
47.6 3020 
47.20 25963 
Wet 30.0 
Wes 30.6 
hy 3004 
460.0 S50 0% 
46.3 30.3 
4601 30.4 
Goel 3 Used 
460% 30% 
45638 30.4 
4666 3007 
4608 30-2 

Od 31 
G77 30.8 
4oe? 29.0 

043 


ety 


38 


i2d O1 47 W 


FEBRUARY 
TEMP SAL 
46.3 3024 
46.6 30.4% 
4607 50.4% 
47.3 30.6 
4726 30.6 
47.5 30.6 
47.6 30.4% 
451 30.6 
47.3 30-4 
47.5 30.7 
47.5 29.9 
4Bec 30.23 
47.7 28.8 
47.7 3022 
47.8 fae 
48.0 239-9 
47.6 29.9 
47.9 28.9 
HSe7 302% 
Be? 3004 
47.7 30.0 
Aedes 29.9 
47 o 3 30.3 
pes 30.0 
47.3 3004 
Mee 30.0 
i? 2 29',9 
4701 29.9 

2.0 0.0 
0.0 0.0 
0.0 0.0 
47.5 S001 
26 28 
4307 30.7 
46.3 2628 
e>4 04 


L977 
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KAINS ISLAND 53 26 39 N 123 01 47 W 
APRIL MAY JUNE 1977 
DATE TEMP Sd. Ter SAL TEMP SAL 
1 4709 30.8 510% 30.6 5220 31.5 
2 4709 31.3 Jel Btw Site 2 31.8 
3 4Bet 31.5 50.6 30.0 51% 3126 
4 4Bo1 Ria |e 4909 3067 513 3220 
5 4703 31.0 4926 30.6 5226 Siteol 
6 GBel $1.6 459.3 30.7 5229 $1.26 
f( 48e7 $16 eke 4 30.6 Desc 316 
8 48.0 31.25 51.2 306 S2ul 31.9 
2 4Iel 31.0 51.8 3120 520% 31.8 
10 490% 30.7 50.0 30.8 53.0 31.6 
ii 48.1 30.6 4926 Ode A. 32.10 31-8 
12 43.0 30.7 43.3 Sae:0 52.7 314% 
13 48.8 30.2 4928 31.0 5203 31% 
14 4704 302% 4Jeot 3122 526% 312 
aie, 47% 30.8 5iel 3067 51.2% 312% 
16 47.7 29.29 50.7 Siel S20 314% 
17 47.0 30 o% 5064 30.8 52-9 31.5 
18 703 30.2 50.1 314% SS 01 31.6 
Be) 47.7 30.9 50.1 $12 5229 31.9 
20 48.0 30.0 50.0 $1.2 52-0 32.0 
21 47.8 30.3 50.9 3125 51.9 320% 
Ge &Be2 30.6 5022 31.8 5322 3203 
as 48.8 29.9 S126 $15 Bie et S207 
24 5061 30.0 5128 31.5 5326 5228 
5 4905 3022 50.9 S155 Cisierc 3201 
26 4903 30.3 502% Siw Sd 5363 3203 
27 50.3 29.8 50.5 Sid 5362 3203 
28 4926 30.2 51.9 31.6 oS ac $2035 
23 50.26 ae Ses 5202 SSS 54 ei 31-29 
30 50.0 30.6 51% 31.2 52eb Sicied. 
31 0.90 0.0 5207 Sere 0.0 0.0 
MEANS 48.5 30.6 50.6 Siel 5266 3129 
OBSVNS. 30 30 34 Si 39 30 
MINIMUM 47.0 29.7 4321 30.9 Sec Sied 


STO.DEV. 1.00 058 0 94 044 268 050 
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KAINS ISLAND 50, 2orss WwW 128 O01 47 W 
JULY AUGUST SEPTEMBER: #2gTFf 
DATE TEMP SAL TE MP OAL FeuP SAL 
1 5207 328 57 6% 31.8 576% 3201 
2 5263 5209 58 eb 31.8 57 S2el 
3 5 2el 3207 S frere See aR! ST ee 320 
% o2er 3220 ef 3204 58 el 32e1 
5 54 el Sis ¥ 52d Seva f 5828 S240 
6 5465 S203 5603 San 5920 S2ei 
7 5 Sec 329 57 Sas 8 5962 32.20 
8 5502 3265 OB 320% 5869 31.28 
9 SO. S2ak 59.6 Sas 8 5864 cS 
10 54el1 3228 b1e2 * 33% 0 57.8 31.8 
it 54% 320% 60.0 S207 567 Seo 
12 5543 3207 5768 + S30 0 560% 319 
13 540d 323 5405 32.5 ope yee $1.9 
14 5426 32.0 5404 3229 See 4 31-9 
£5 ehewe f Slee > 54 oY WTS Seg oh 54 ee 31.9 
16 5360 320% 55 a> * eT Sara 5309 32.0 
Let 5420 320% Soe ese) 5 See 320% 
18 S4e2 31-8 Doel * FS ae 5 53-38 3203 
193 54 ed Gs 560% ** 332% 54.3 32e1 
20 5546 320% 5403 hs Soa’ 54 et 3169 
rea § 55 ol Sizes 5 Sis oS Eo S0 5405 31.6 
22 55.0 320% 5469 Sein 5402 31.29 
23 3 Sao 320% be) 3220 54.0 31.6 
24 54 oS 3264 551 324% 5403 3123 
25 S Siete 32015 ober e! Sel S4eel 31.8 
20 5402 32.5 560% Saef She Rie ge 
at 55 eb 32.9 > Gren 32.9 5429 31.38 
26 5oel 3126 50% sa09 54.5 $1.3 
23 . 55 eb oie o 57% R Pee 54e2 SLED 
30 55 & ip rege | 5 frehe, 320% 5423 31.8 
51 Boies aie 5 5 Seal. 320% 0.0 0.9 
MEANS . D4 of 26.6 5607 Ber Oe 55? 31.9 
O8SVNS- $1 31 ot é2 30 30 
MAXIMUM 50e1 Sau 3 Shc Sane 4 59.2 320% 
MINIMUM oer al 31-5 5404 She ok Fira 3125 


STO.OEV. cree i 046 1-67 033 1.96 eed 
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KAINS ISLANO 20 2b BY IN 126 O01 47 W 
OCTOBER NOVEMBER DECEMBER 1977 
DATe TEMP SAL TEMP SAL Te aP SAL 
1 53606 31.6 lad 31.0 48.3 28.3 
rh 5405 31.5 51.4 30.3 430% 29.0 
3 53.8 31-9 50.4 27 26 47.25 290% 
4 5306 31.9 50.3 2601 472 28.5 
5 OPW 3139 Jee 26-9 45.7 28.2 
6 53-26 31.38 50.9 28.6 4628 28.6 
‘A 5304 31-9 50 eb 2389 457 2961 
8 Di Setd S425 YJel 27a 448 28.6 
3 5345 31.6 50.3 29.0 &Oe2 2925 
10 53.26 31.8 50.8 28.26 4008 2905 
Bal 5307 31.5 50.2 2026 47.69 30.2 
dic 5367 31.9 50.0 29.7 47.8 2901 
i3 54.0 315 492d 30.0 4726 286 
14% 5209 S1e% 4307 2904 47.3 234% 
15 5302 31.8 43.5 25.9 G7 o% 2809 
16 5363 31.5 4324 28.6 a7 ol 28.2 
17 53.7 Siw? 48 69 ap Goel ares 
18 Doe 31.6 47.0 2502 %Oe2 2de2 
19 5323 $19 Goel 28-2 44.8 28.0 
20 5209 31.4 4522 25.0 45.9 23.28 
21 a 30d 31.4 B4eJ 28.1 46.3 2903 
22 530% 31-4 4506 2920 4602 290% 
23 eS 306 46.3 2929 4528 2907 
24 PK Iw 31.2 48.2 3022 45.7 29.7 
25 5301 31.4% 4822 2967 45.2 eaed 
26 Seay 4 30.8 438.0 292% 4506 30.2 
27 5202 23/5 48.2 29.7 Wool 30.3 
236 Neue 29.8 43.3 30.0 4563 ig ey 
2g 52.20 290% YB? 30.2 &y 29 C97? 
30 517 29.0 48.0 23a 4601 30.3 
31 50.9 27.8 Qo 0.0 45.3 2504 
MEANS 5302 31.2 48.6 2920 4 oe 290% 
OBSVNS. 31 $i 30 30 $i 31 
YRLYVeMEANSe ccc ccc ccccceceseveccesccesecsescscecesveseoans De? 30.7 
MAXIMUM 54.5 S409 55 RS 31.0 4Be4 30.3 
MINIMUM 509 27.8 44.9 20629 Good 2723 


STO-eOEV. 0/3 1.00 1.65 037 4.07 74 
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AMPHITRITE POINT 48 55 16 N 125 32 17 W 
JANUAKY FESRUARY MARCH 1977 
DATE TEMP SAL TEMP SAL TEMS SAL 
1 46.28 27.8 4603 2340 47.7 30.0 
2 47.3 2909 4oel 2323 460% 23.3 
3 47.0 3022 4508 2928 Goel 2007 
by 4Ee7 30.9 4Ooo7 29.8 472 2748 
2 4503 reals Fee 47.0 24e1 47.5 276% 
b 45of 28.9 47 o2 2907 473 27.3 
7 4567 29.3 47> 2920 * 47% * 2a 
8 452 Posies PT 47.5 Vee eS) * 47.5 + Chal 
g 450% 2903 47.0 2944 4726 29-5 
10 4507 2907 ~ 0.9 * 0.8 * 47.45 * 23,5 
Vi 460 23-6 * Galen * {Ded * 47.3 2908 
y 4509 28.0 eae ie RUG 47.1 30.0 
13 Go e3 28.9 47 o% 30-6 47.7 29.9 
14 GOe2 2923 47.0 29.0 Y7o% 29.5 
15 47.20 300% 47.66 3004 43el 30.3 
16 ted | SNL Ay a 29.4 4747 29.9 
17 * 47.5 + 50m 3 47.9 238.9 430 30.0 
18 47.28 530.2 4309 23.20 43% 30.6 
19 47.2 30.2 436 2949 43e3 308 
20 47e2 28.9 *. gieeu » 0..0 48.0 Fadi Whar 
241 4668 29.0 oi) te eG 47.3 27 of 
22 40.0 23.6 * aad 0.0 47.5 248 
23 4523 2829 47.7 Fale ee 4Oed 2703 
24 45.0 29.0 4d Core, ui G7el rate We | 
25 b4ed 2S 1 * UbBe2 * 292% 47 o% 28.9 
26 44.9 29.5 45.9 23.3 4726 230% 
2¢ 44 eS 2923 47.0 2529 4&7 2 27.38 
28 4526 2967 47.2 Bois, 470% 30.0 
23 450 29.25 0.9 0.0 47.3 30.0 
30 Hood 2967 0.0 0.0 4609 $0.3 
31 4600 2501 0.0 0.0 4708 5th. 7 
MEANS 4oe0 o Fie 47 e2 29.253 47.5 26038 
OBSVNSe 23 a4 ok rials § 27 27 
MAXIMUM 47d 300% 4829 30.6 4de% 30.3 
MINIMUM 44.8 opel 450d 26-9 4oe1 23.3 


STO.OEV. e 56 1.00 ° 30 033 033 1.83 
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AMPHITRITE POINT 48 55 16 N a25™5e¢ if W 
APRIL MAY JUNE 1977 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 48.3 30.7 5220 296% 516 2909 
2 4 Be 30.9 51.14 26822 52e1 30.3 
3 4904 30.2 43.3 29e1 530% 28e1 
‘y 49.6 2909 50.7 30.6 5305 27.7 
5 50-1 30.3 S11 $1.0 55.8 2625 
6 4925 2928 51.4 31.0 532% 29.7 
7 496 29.4 Sie? 30.0 5266 30.6 
8 * 4926 +) 2955 5123 30.4 517 31.5 
3 * 49.9 S296? 51h Sie 52.8 314 
10 4909 e9s9 50.6 31.2 53.7 31.0 
11 50.2 300% 439.5 31.6 53.1 306% 
12 Y9el 28.5 49.6 $122 54.3 30.8 
13 48.3 28.0 51.2 2328 54.0 31.2 
14 49.0 28.9 50.9 230% Shee ji 30.7 
15 47.3 23.5 51.9 3002 54% 8 31.90 
16 47.5 2426 5206 29-9 5H e% 31-0 
17 48.3 de ee) 51.8 30.2 5328 31.1 
18 4806 30.0 522% 30-7 5226 51.8 
19 &Iel 30.4 52el 312% 51.8 31.6% 
20 4904 30.3 51.6 Le?) 53e1 3007 
21 49.0 28.8 \ “S255 28.8 5266 28-5 
22 YJe6 24.6 =f Pie) 30.6 5423 50.3 
23 5002 28.1 5iel $1.1 5326 Siei 
24 4906 25908 520% 31.28 yaa tek 2908 
eae) 4906 290% 50.9 30.26 5223 30.0 
26 49.8 29.9 * Ua Bae fac 53-9 Sileb 
ae 49% 29.9 50.1 240% 5208 31.5 
28 : 4923 3002 50.3 29.5 * 534% * 31.3 
29 51ieb eun 50.6 3022 54el S2e1 
30 516% 2935 512% 2929 53039 31.5 
31 0.9 0.20 50.9 cons 0.9 0.0 
MEANS 4904 2901 Sie c 30.0 530% 30-5 
OBSVNS. 26 25 30 ou 24 23 
MAXIMUM 51.6 30.7 5206 31.8 5528 S201 
MINIMUM 47.3 2388 4323 2404 51.6 277 


STOeDEV. 095 1.61 » 86 1242 1.06 1.13 
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AMPHITRITE POINT 48 °S> 12575 £2552 2/0 
JULY AUGUST SEPTEMBER “D977 
DATE TEMP SAL TEMP SAG TEMP SAL 
if 5204 30.0 5567 Sie 53.20 32.0 
2 5 Said S201 5326 31-24% 5068 30.8 
3 52035 31.38 539.3 See 56.9 Sil 
% 54e2 aa ee) BBs 3 See S fies 316 
5 54% Sie > 57 o% 3105 5746 Seed 
6 5409 Sin BOS 58.3 31.5 BOeT 31.8 
7 54.1 31% 57.29 i 500% 31-6 
8 5328 31-6 57.9 Sits > 5545 311 
g Sea 320% 5608 316 55 el 3067 
10 51.23 31.9 55 ad 312% 5055 Sibi 
ates 50.9 31.2 5868 31.6 5625 31.90 
i2 Seis SLeoe 58.0 Site > ot fa 30.7 
1:5 5 3 ee 31.6 55.7 316 57 eo 31.0 
14 Sint S1ieD 582% 31.6 Dla 8 30.6 
15 5329 31.8 58:0 D 31.5 50% J 30.6 
16 D202 26.9 58.9 31.8 58.5 31.0 
ae S109 SdzeD 53.3 S1ile% ow ares $05 
18 5228 31.6 58 el 3028 5607 290% 
1.5 5326 31,5 58.8 31.4% 5605 2366 
20 5403 Sen U 58 0% 31.26 55 ed 290% 
21 O2rek 31.8 57.3 31.6 54.0 30.3 
22 5402 31.5 5bel 31.8 53-38 30% 
23 5469 S105 57.26 300% 53-6 28.8 
24 5501 31.8 * Sle ¥ iste kS 53.9 2328 
25 5326 320% 500% 2802 a See 2845 
26 51.29 $2.0 5602 30.0 5620 30.2 
an, 52.20 32.0 57 el 314% 5602 30.0 
28 53.0 31.6 56.9 ie 5628 31.1 
2y 55 el 314% 57 eh 30-6 5529 30.7 
30 5 Gietl 312% 5826 $149 5422 3022 
31 ae A 51.6 Seid 3223 0.0 0.0 
MEANS 5304 31-6 57.29 Sid 5601 30d 
OBSVNS. O41 31 30 30 30 30 
MAXIMUM 56e1 326% 59.8 Sie S Soleo oes Lk 
MINIMUM 50.9 2829 5503 28.2 53-0 Cues 


STO.DEV. 1.31 2°65 1.15 073 1.%6 09% 
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AMPHITRITE POINT 48 55 16 N S255 17. W 
OCTOBER NOVEMBER DECEMBER 1977 
DATE TEMP SAL TEMP SAL TEMP SAL 
» it 5549 31.5 52.20 2829 4de% 25.8 
2 S561 31.1 5202 30.3 49.2 276% 
3 phe Be, 3102 50.8 30.90 49d 50.6 
4 5526 31.90 50.2 Cf aes * 48.6 *e 254.6 
5 5523 30.6 50.3 27eli 47.3 2826 
6 53-5 30.4 &2eb 2628 47.0 2565 
7 5425 Siet 50.0 30.0 4965 31.1 
3 5426 30.3 49.8 29.8 Gey 2928 
g 5366 3iel 4323 2825 &4e2 230% 
14 54.6 31.90 5102 28.0 47.9 306% 
ics 539 30.3 * S167 ee ode © 480% $023 
13 5465 30.6 52453 30.3 &522 280d 
14 53.8 30.4% * $2.3 * 3055 48.9 27.26 
15 5345 30.8 5202 30.7 WI» 0 2801 
16 53.90 31.0 51.4 30.0 48.90 2fel 
We 52e7 Siel 4Be2 28.28 47.2 2505 
18 >e4> 30.6 46e2 2546 4622 2426 
19 5264 30.7 41.6 266% ew 24035 
20 51.25 30.6 44 96 240% U7 ot 2628 
21 5267 27-2 42.3 2520 * 7 o% *e CHa 3 
tec 51.9 2928 45.0 2320 47e3 2728 
as 506% 30.8 45.7 28el 46. 0 2605 
24 514% 29.0 47.8 23.0 & 6 0 2702 
25 ~ oo *~. con 0 G7eb 28.0 4563 2607 
26 52.23 30.2 49.2 294.9 45.0 2be1 
oe 5242 30.6 47.0 25.9 &ba.7 2600 
28 Y ‘io *. SOT 43.2 29.23 4ae? 200% 
29 5228 30.8 4926 29.3 409 2665 
30 5228 31.1 49.0 282% 4563 26.8 
51 51.8 282 0.0 0.0 45.23 26.8 
MEANS 530% 30.5 43.6 253 47.0 ofae 
OBSVNS. 29 ae 28 28 29 24 
YRLY eMEANScccccccccsencecscvccccreseceseceseeeneseveseves Silel 2907 
MAXIMUM 5569 31.5 bee's 30.7 4923 Siel 
MINIMUM 506% 2742 4166 240% bYe2 200% 


STO.DEV. 1244 ©9392 2288 1.73 1.56 2019 
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SHERINGHAM POLNT 48 22 +9 N i253 sso, a0 
JANUARY FEBRUAKY MARCH 1977 
DATE TEMP SAL Tee SAL LEMP SAL 
| 4603 * 0g) 45.2 * 30.80 4526 * 50a 
2 4509 as 0.9 45 e2 = 0.0 46.5 ~ 0.0 
3 4#o.0 * 0.0 4568 a 0.0 45.9 = 0.9 
“ Goof = 0.0 45 el 2 0.0 4O6e% . 0.0 
5 4d * (029 45 0b *' 32.89 4504 ~ Siew 
6 adetk 7 0.9 4505 = 0.0 4oe8 7 0.0 
7 44e2 * FORO 4oee ¥ 30 20 46el * 1 $a0 
8 #502 a 0.0 4503 - 0.0 4o»ed * 0.0 
g 45.0 * ©0280 46.5 * Fa bool * Ee d) 
10 4509 ~ 0.0 4562 - 0.0 4Oed uy: 0.0 
18. 45.0 * 7069 4565 * S00) 4oed * Siew 
12 4508 7 0.0 4504 “sf 0.0 4625 + 0.0 
13 4620 Ps 0.0 4Oe2 * 0.0 Goe . 0.0 
14 4509 * Toad 4Ooe0l * §0 08 470 * Ffe0 
15 45 od * 5 0e0 47.0 * 5050 46.5 +. $0 
16 * 45.9 * Pie 4Ooe? * Bie) 46.0 * 508 
Lf 46.0 Ag 0.90 468 Pe 0.0 4O0% * 0.0 
18 4602 * +050 4663 * S624 4Oo7 * C0 
Lo 4505 * BHe60 4Ooed * Saw 4$oed5 * 20s 
20 4602 * £060 4528 * 50a0 hoes * 2G 
eg 46e1 ~ Susp * 45.8 * 3060 47.2 * 39 
on 4509 * 0.0 4508 ba 0.0 47.0 * 0.0 
23 4Oe 0 * Vip 45 0f * §$0o0 47.0 * Ele D 
24 4508 * ) 050 45.9 * 205 G&7el * 2pe'd 
Fede 4505 = 0.0 45.5 > 0.0 47.20 - 0.0 
26 4505 * Oa) u5—o7 *° 330 47ee * ea 
27 456% * 0.0 4766 3 0.90 4605 “3 0.0 
28 4502 * (ted 4Oeb ~ TG 4605 * Se 0 
2g 4502 * 0.0 0.0 0.0 47 04 * 0.0 
30 4502 > Tied 0.0 0.0 GO? * Fie 
31 4503 * Sti 0.90 020 47.3 * 0.0 
MEANS 45.6 0.9 46.0 0.0 460d 0.0 
O38SVNSe 30 0 27 0 od 0 
MAXIMUM 4628 0.0 4726 0.0 G7 o% O.u 
MINIMUM &uec 0.0 45 e1 0-0 4526 0.90 


STO.DEV. 250 0.00 ed3 0.00 0 +5 0.00 
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SHERINGHAM FOINT G3 22 +0 N 12S.aoo 40 iN 
JULY AUGUST SEPTEMBER 1977 
DATE LEMP DsAL TEMP SAL LP SAL 
1 495 * tea 5 ay * - tha eae 7 Ba 
2 506 a 0.0 5165 * 0.0 Sot © 0.0 
5 46808 id 0.0 Oe sato . 0.0 False) ag 0.0 
“* SO Lat + 4a 5207 camer) rit) 5202 eT at 
5 4925 ag 0.0 = aT ad 0.0 51.9 = 0.0 
fe) Sie ~ Mill Bicaerk * fav 520% * “Oa 
7 4903 * 0.0 520.0 Po ea De a * ~0.0 
8 5124 a 0.9 54 ei a 0.0 = alle “a 0.9 
2 50.2 my Bve dd 5403 Yas 5205 yea) 
10 OL eh ag 0.9 5346 “4 0.0 po aE . 0.0 
11 5223 we etd 5307 Pe Wiest 52el ¥ Ped 
12 5164 © tie 5402 ~ “tell 526% » i sii) 
13 5203 * 0.20 5 Sieis * Aleau 5220 ama i 
14 51.8 Pe 5209 coum ys | vo abets E Pe a 
LS 52.3 ee 11) =e 8S ("4 * eat ica e * Cat 
16 516 fo ist 51.8 ee ol 52.20 7 ei) 
tg 50.26 * Dial S2ed e 495.0 51% eS id) 
18 oi est 5203 samme 3 Pret! 50.38 ee oi 
13 51.45 wo Reas 51.1 eet 50.5 + thew 
20 iba c * 0.0 5069 roth 50.7 * * 60 
oa. a es) DUietS oe) en 50.4 RO Ty) 
2c S13 eta) 506% De 50.7 SPO is 
23 512% gee Pe 518 eyed 50.3 pues UR 
24 51-2 e~ Ded 50.9 agree! baal) 50.6 oa tg 
25 50.8 * 0.0 eT. ow ee 50s. 86+ 95.0 
26 ai DD Biles: wie 6o.8 * Dap 
27 5202 oo De Duets *  filea 500% ee ath 
28 a) Oe * Def 510d | Ben) 50e2 saan Ss 
cn 51.5 + Dew 32479 * 0.9 43923 eT ede 
30 ap 9 Dep Seis | De) 49.7 * 000 
mB | Dace 1 eed Die aia. * 0.0 0.0 0.9 
MEANS 21) se @ 0.0 5203 0.0 51.4% 0.9 
O3SVNS. Rs | 0 51 0 30 0 
MINIMUM 48.05 0.0 59.3 0.0 G37 0.0 


STO.OEV. 2 36 0.00 1.03 0.06 1.03 0.00 
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SHERINGHAM POINT 43 22 40 N Leo oo 10 'W 
OCTOBER NOVEMBER DECEMBER i977? 
DATE TEMP SAL tsar SAL TER? SAL 
i 4928 peered yt 4869 * 0.0 46.7 ~ SO aU 
2 49.6 * “Tau 43.3 *) 10% 47.3 + S05 
3 5002 eye! be 48.7 > osu 464 ~*~ Sie 
~ 490% see ee! 49o1 enue’ boyy &7.25 sia eli | 
5 5061 * 0.0 4365 vie 4625 * s'o 
6 oD od bg 0.0 43.7 4 0.0 46.6 = 0.0 
7 49.6 ~ Tale 2 4be7 ae 4603 * 0.20 
6) &DJe2 wie 480 > Ore 4605 *¥ 0.0 
g 49.6 * 0.0 4306 sacar bee Goel * 300 
10 494% * “isa 4865 * 0.0 % 6 0% * Voel 
ii 5063 page ge & 4Bec paneer yt) 4602 + Seeu 
re 498 * 0.0 4Bel on Teo 4625 7 ae 0 
13 5002 ~ ae u 48.3 * Te G Goel e SO eu 
14 4905 * ~s 0 48.3 yA oO 46.8 ee 
15 49.0 * Sed 47 9 * “009 46.0 * Ue 
ié 4903 + *U.G 4be% ¥ 0.9 4028 i SEG 
17 4608 * 0.9 4Bo1 soe ity 4He2 * ~U.0 
18 497 perms et 4Bec = ie 0 4004 * “0.0 
| 4923 * 0.9 47.7 yee 4601 * 020 
29 49.2 * 9.9 47.5 ee ia oO 45.6 * 0.0 
rape 490 + “teu 47.4 2 ae 46e1 * 0.0 
ce 4G e% * U.9 47 ot een 46.0 pane rR! 
23 4Ioi1 eae 46.7 + Beng 4564 * #950 
24 GJGel er) Sas 47.0 * “Se 4509 * "8.5 
) 4305 * 0.0 47 e2 *) SG aeu 45.6 *. Syed 
26 49ei set ek) 47.3 * 0.90 460 +. eeu 
HM 486 * © teu 47.2 Xe ou 4523 Fy, Sane 
28 . 4920 ~*~ uso 47 ot > ou su Goel * © ee G 
rhs 4I9e2 +) Sie U 4605 pone ts | ep 4526 + Bie 
30 48eg * “0.9 47 0 * 0.0 45.6 * eae 0 
a &3o0 - 0.9 0.90 0.0 44.9 5 De 0 
MEANS 490% 0.90 48.0 0.0 422 0.0 
OBSVNSe op & 0 30 0 Ji 0 
YRLYV oe MEANS c crc cc cece necesccccsccenvceesesessevsecsceses 4505 0.0 
MAXIMUM 50.3 0.0 439.3 0.0 47.6 G.0 
MINIMUM 48.5 0.0 4605 0.9 44ed9 0.0 


STUSOEV: 246 0.00 .78 0.00 256 0.00 
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RACE kKOCKS yO i? Of R Acs, 32 SO W 
JANUARY FEGRUARY MARCH 1977 
DATE heEnP SA TEMP SAL 8 Py oa i SAL 
, 4602 310% 45.26 30.8 4605 Sid 
2 46.0 ep 4505 Sia D 4 Oo + 30.8 
3 4509 Sis 1 &5e7 Silije al. 4oe7 30.7 
“4 G5e7 31.0 4602 3124 402d 30.8 
5 4526 31.0 KOel 314% 4626 31.1 
6 wef 5 he'd. 45.0 Sve <2, 4ood 31.9 
’f 4507 31.0 Goel 3124 4Oe% 31.0 
8 4520 js a 4oe 3 i 4O05d es BA 
9g 45.5 Skeet: Oe 4 Sin > 46-6 S1e% 
10 4ded Sides a 4oed S1ie& %~Oe Dd 316d 
Oak 45e7 31.4 4001 Re PY 4603 Siel 
12 45.5 31.8 yo? Siteeic Lhoel 30.8 
13 45 eb6 310% 4509 31.5 4626 Si. 
14 u5ed 31.0 Woe 2 31.5 4606 30.8 
> 457 31.0 4605 31.6 4605 306 
16 4508 dive 1 47.0 31.8 4Oeb 30.6 
17 46.0 Silvate Loe? 3124 kod 30.3 
18 463 312% 45.8 Rt 4oe? ear 
19 4603 314% 47.0 ry Bs 4605 30.38 
20 Yoel 316% Goel 31.8 803 Sia vekk 
21 GOs oe * 4Oed * Siw #D0e5 31.2 
Pe 4602 31.26 4009 31.8 &7.0 30.3 
23 45.8 31% 47.0 31.9 47.0 Sie2 
24 4620 Sh0'9 4609 31.6 4oe7 30.3 
25 4600 Saree 4Oe5 J ere 46.3 3007 
26 yoo Side 2 Yoed Sieve D 4605 31.0 
“al d 4Sel Shek 4YOoe2 31.0 4Oe 3 30.3 
28 45.0 53026 4Do% 31.0 %#Oed 30.6 
2g 45.0 30.8 0.9 0.0 4oed 300% 
30 451 30.6 0.0 0.0 4Oo/ 30.0 
31 45.3 30.6 0.0 0.0 God 50.3 
MEANS 45e7 a 4603 312% 4Oed 30.9 
OBSVNS. $1 31 vif ot Si aa. 
MAXIMUM 44S 31.3 47.0 S109 47.0 Jiao 
MINIMUM 45.0 30.6 4526 30.8 Goel 30.0 


STO.eOEV. 033 30 o 2h 20 sae 


ae 


RACE ROCKS WB WT 7 iN 1235 31 48 W 
APRIL MAY JUNE Lo77 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 4605 31.9 43.0 31.5 48.5 315 
2 4607 31.9 47o7 31% GBed 3126 
3 4608 Site ed. 47.5 Slee 48.5 31.26 
% 46.9 SLe2 4609 Sie Gde ly 31-5 
5 G7el $1.5 46.5 320 4Be2 31.6 
ie) 47.0 31.4% 4609 $185 48.25 316 
7 GY7ee 31.8 47ee 315 48o7 31-6 
8 4605 3124 477 31.2 G89 31.5 
i] 4665 516 47 oh 3122 43.3 3126 
10 4666 31-8 47.3 31-2 &Ge2 31238 
11 4608 Std 47.20 31.1 4905 31.3 
1e 467 315 U7 3 Shard 50.3 31.1 
a3 4626 31-8 4&7 eb 3122 50.6 3004 
14 YES 3 eS 47 o7 31.5 5065 31.0 
15 4% 606 31.5 Geol 51.8 50.6 30.7 
16 46eb $1.5 48.0 31.22 50.4% 3066 
© 2 GEoe7 31.6 S3ol 31.4 505 30.7 
18 46.9 5319 43.3 31.26 5062 30.8 
3 467 31.9 G32 31.4% 50.9 3007 
20 4606 Sieb 48ei 3125 49.9 31.9 
21 &7.0 3L09 4363 3ivd 4926 Sici 
22 B72 31.8 4B o% 531.6 4925 Siel 
23 47e% 31-6 48.3 31.8 4907 312 
cu 7 eb 31.3 480% 31.6 4926 3003 
25 4725 31.5 4325 31.8 GJe7 31-2 
26 w7el 31.238 43de4 SieS 5050 312 
27 47.6 3126 4B o% Ssiw5 50-2 310% 
28 — «470 Sie6 4305 31.5 50.24 $135 
29 Bei 31.6 430d 3124 50.3 S1e% 
39 480 3ieb 4300 51.04% 50.2 Saco 
31 0-0 0.0 435 3162 0-0 0.0 
MEANS | %7 0 $16 47 9 31.5 43926 S49L 
OBSVNS. 30 50 Si Si 30 30 
MAXIMUM GBel $1.9 4826 32.0 50.0 31.3% 
MINIMUM 4603 $1.9 405 S$i.1 GBe2 302+ 


STO.ODEV. 049 025 055 eel 077 039 
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RACE ROUKS 48 17 57 N 123 31 43 W 
JULY AUGUST SEPTEMBER L377 
DATE rom SAL TEMP SAL TEMP SAL 
1 49e7 5150 o0tem 3225 5020 31.9 
2 4923 3203 5061 3126 50.1 31.38 
3 49.3 S2el 50.2 31.24 50.0 531.28 
4 4Io4 31-9 50-4 Re bays 8 SD eid 31.0 
5 4Seb 314 50.6 30.8 50-8 30.7 
6 49.9 31.8 51% 30.0 51-0 ey 
7 5001 31.8 5223 300% 51-0 30.8 
8 50.0 3 Lead 53 ee 30.3 Blje'Z 50.7 
3 5024 31.8 5367 30.7 51.3 30.7 
10 Shite $Ta5 54.0 30.6 DAiedS 30.6 
11 5026 31.6 5402 30 64 Died 30.5 
12 50.6 310% 54 es 306% Sie 30-38 
13 51.0 31.4% 54.0 30.6 51.6 $1.0 
14 SiS 312% Siete 30.4% 5h. 7 ey eg 8 
y 4Ge7 31.26 52.0 30.3 5D. 30.8 
16 4925 | 31506 Seed 30.3 51.0 30.38 
ies 4923 31.9 51.29 30.6 50.0 31.0 
18 4905 316 5165 306 50-2 30.8 
19 49.3 Rp Ps 52.0 30.8 50.5 31.1 
20 5062 311 5169 30-7 50.4 31.2 
21 5062 Stis2 ie rad 30.8 5063 31% 
fag 50.0 31.1 51.8 Sit 50.4 51.38 
23 4969 30.3 51 e 51.90 5061 $1.5 
24 499 31.9 Siete 312 50.1 31.9 
25 50.0 S311 50.7 316% 50.0 31.9 
2c 4926 Sind 500% S222 4928 oLed 
27 49.7 Siwd 50.9 312% 4969 32.0 
28 4926 31.4% 4908 31.8 49.7 31.9 
2g 50.1 S2<5 439.7 32.0 49e4 32.0 
30 50.0 31.0 439.8 Sasa 4925 S429 
31 50.2 $1.5 4926 3208 0.9 0.0 
MEANS 50.0 31.5 51.6 31.0 506> S403 
OBSVNS. ah 31 of 31 390 30 
MAXIMUM 51.0 325 54% $202 5107 32-0 
MINIMUM 49e3 30% 43.26 30.3 GIe% 30.0 


STO.OEV. 044 oD 147 254 70 i 


a3 


RACE ROCKS 48 17 S57 N 123 31 46 W 
OCTOBER NOVEMBER DECEMBER 1977 
DATE TEMP SAL TEMP SAL TEMP SAL 
uf 49e4 $1.90 430% 31.9 4609 31.2 
“4 &See Siel 4423 31.28 46.5 31.4% 
3 4Seil 31.5 48 o4 3149 4609 $1.2 
& Jel 31.5 4503 531.8 47.0 314 
5 %9.3 31% 4Yec 319 4608 od et 
6 4922 Sisd 4302 31-6 46.5 31.4 
7 4G e% S124 4KBe1 31.8 4Oe? 31.5 
8 49e2 sin2 G3ei 31-6 KO 7 3124 
5 490 51.5 43.0 31-5 46.5 CS ey 
10 G91 3145 47 09 3126 46063 31.5 
11 4902 SLi e% 47 eS 31.5 4Oe% 31.2 
i2 & 3. 0 31-2 47.8 31.6 4oo7 S3iel 
13 GI9el 531.25 47ef S185 GOe7 30.3 
14 49.0 31.8 47of $1.24 4605 31.9 
15 4809 34°5 &7 ob 3125 4623 30.6 
16 46.8 31.8 4705 Sie & 46.5 300% 
17 48.7 319 47.25 3105 46.5 30.3 
18 48.5 5 cad 47% $446 4626 30.2 
19 4B oG 3203 Ge $145 46.7 30.3 
20 48.5 S2ei 4702 3125 4O26 30.3 
raat 485 S201 4605 3122 46.5 3024 
aie, 4806 31.9 4607 310% 4oe3S 30.3 
as 48.5 31.9 46.8 31-5 Oo 3 3064 
24 48e5 32.0 4609 3ie%& 4620 30.4% 
Zo 4802 318 4668 31.4% 45.8 30.3 
26 4Bel 31.9 4OeY 31.2 4396 30.0 
27 4B8el 3290 4609 Stell 4566 30-2 
28  48Be2 31.8 4Ooe7 Sileic 450% 30.3 
es 43.29 31.9 46.8 BB Ue, 4uSe2 30.0 
30 47.9 32.9 4668 310% 45.3 30.9 
S41 477 31.38 00 0.0 4522 304% 
MEANS 4Be7 31.7 47 oo 31.5 46.3 30.7 
OGSVNSe 31 ou 36 30 $2 34 
YRLYV ee MEANS cece ce nc oveceseccecesseceersevscseveesssvecvese HSed Sis o 
MAXIMUM &I—% SD Lieto US o% 31.9 47.0 31.5 
MINIMUM 477 31.0 46.5 311 w 502 30.9 


STO.DEV. 248 03% ool ée1 0 D4& 033 


CAPE MUCGE 


DA 


MEANS 
OBSVNS. 


MAXIMUM 
MINIMUM 


STO.DEV. 


TE 


Oaen nm sl Whe 


49 539 236 N 


JANUARY 
your SAL 
4Ooe2 cBReo 
45-6 2326 
4602 239.20 
4605 29.0 
4665 29.90 
46.0 29.3 
4602 29.3 
G3e2 26.8 
43.0 28.9 
4304. 28.6 
45.3 28.9 
44 e2 2869 
45-3 268.9 
4409 2303 
4507 28.9 
46o1 2920 
4605 295.4 
47.0 age at 
4608 2901 
4623 293 
4602 rah ee | 
4504 + 294.0 
44 ed 2829 
44 e7 Folge RS & 
44-0 29290 
4ueS 29.20 
44.3 28.8 
44.8 + 20a 
4523 29.0 
45.0 Falter er | 
46e1 Sak 
4563 29.0 

27 ar 
47.0 Faliee 
43.0 28.5 

1.10 020 


54 


i7otas 38 ow 


FEBRUARY MARCH 
TEMP SAL TENP 
4o.5 29%5 GU7eo7 
46520 296% * 43.4% . 
4oe4 29.3 4I9el 
404 * 2953 * F060 - 
46.3 2923 * B98 4 
40.0 * 2582 * $020 * 
4526 Fed EO B * gia = 
4507 23-0 G57 
452d 2943 * 4502 ad 
45.5 * 2982 44.7 
40.0 2901 * 45.9 7, 
460d * (E982 4503 
47.0 2943 4oed 
47.3 * 23ns 4622 
47.6 2960 47eo7 
44.2 25% Goed 
4802 2923 48.8 
4704 29.0 43.5 
46.8 29:25 45.22 
4oed * 296% * G4Bel - 
4602 * 29%.2 43.0 
4503 2oel 452d 
4>e1 29.20 4503 
4403 2920 4528 
44.5 * 2955 4oe D0 
440 6 2829 45.6 
45.2 26.9 4502 
boe2 2529 4505 

0.0 0.0 460 
0.6 0.0 G71 
0.0 0.0 51.9 
4oe3 29-2 46.3 
m0 20 23 
4302 2307 51.0 
Q4ueds 28.9 4ae7 
vee Bre 023 1.58 


i9Tv7 


De 


CAPE MUCGE 49 S59 S6 N HeD @lt SS 4 
APRIL MAY JUNE Lory 
DATE TEMP SAL TEMP SAL LEMP SAL 
1 51.7 2943 * eid * h BDrae 5423 2920 
2 51.28 2925 * 0D + 7 Bae 54.0 2320 
3 50.6 290% 7 09 + 0.0 * 54.5 * 256 
4 493 2943 + 0.0 * 0-90 5500 28d 
5 49.8 2925 * S90 * FOO 51.0 27-3 
6 w5ef 290% a 0.9 i 0.0 52.9 28.8 
7 4665 296% * $028 * 2 °05@ ¥ Beer * 2301 
8 ¥ P0a4 * <Oe0 * EOaw * O80 5305 290% 
g * © 050 * 0.0 5023 25%5 * 55.0 * 2904 
10 * £080 * eG 59.5 25 6% * 5645 * 25 
bel 4&7 8 2345 51.5 2965 Bei 2925 
12 * &9e2 * 29R¢ 5102 290% 5725 30.0 
13 5047 29n4 * O26 * 2382 5629 2924 
14 * 50.9 * 0G8 54 0 2929 * 5625 * 239-7 
15 * 542 * 2982 54.7 2903 * S/n0 * 30.0 
16 51.25 2903 54 0b 29.0 5726 500% 
17 ¥ 50.3 * woes S265 C36 58.1 302 
18 &Gel 290% 5503 28.26 57.0 29.5 
1S 4903 2965 49.9 238 A 51.22 2907 
20 46.5 293 4808 2265 58.0 2809 
21 &7 20 2943 4809 29el1 + Bano ¥ (CeneS 
ad * 472 * 2904 Si. 3 2802 51.20 2907 
23 b7 oh 25905 50.0 2325 53.20 29.0 
24 47065 233 50061 28.8 * 5982 * 2pe? 
a 43e3 29.3 51.0 280% 60.5 250% 
26 50.2 2628 * S2e2 * 284% * 7601075 * ee > 
27 4903 2 Sik * Seid * 2824 60.0 2605 
26 * © Obed ¥ Oa.8 54 0 8 2804 53923 200% 
2g “9 0.0 7 0.0 * Sona * 25.4% 615 26%5 
30 ¥° > Diec8 + © eS 5725 30.4% 536% 2825 
31 0.0 0.90 * 59 * 2S. 0-0 0.0 
MEANS 4809 29s 52.20 230i 5603 256% 
OBSVNSe 19 ie 18 18 21 21 
MAXIMUM 51.8 29.9 5725 30.4 61.5 300% 


STO.OEV. 1.87 e22 2256 053 3222 1.16 


56 


CAPE MUCGE 49 59 56 N feo "he 3o # 
JULY AUGUST SERTEMBER Los? 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 54-0 26.0 b+el 2tet S863 20.3 
2 ST es 26.9 61.5 2629 * S525 * €Ost 
3 5207 Zive 57.5 2601 * 58.8 + £009 
M4 58.5 270% 54 eh 2ie6 58.9 260% 
5 5565 271 ef 2025 538.4% 26.9 
6 5602 2629 5825 2628 60.6 27 64% 
7 58.3 2607 60.8 2528 53065 26.0 
8 5961 26.5 Sons 205 54 eh 27.3 
g 6007 2742 * 55.4 * 26638 57.29 2fat 
10 * 61.8 * AOS S 5866 2762 5603 28.0 
11 * Gens * 26.6 538.0 214 5223 2302 
Ve 64.0 2623 S4e3 2842 5203 23.6 
13 585 2609 5OeY 2502 Sek? 2526 
14 63.5 2607 59 v9 ae ees 54.0 28.9 
15 60.6 ai eye €0.7 2086 G36 2326 
16 * 7050 * + 049 D> sfc Vaan) 50.0 2326 
WA * # SU + Un op Ges) coMe 50.7 2822 
18 * 0.0 Oe OG 5009 2825 51.7 2802 
19 a 0-0 * 0.0 5426 27.38 * Dew + 2s 
20 pa + 050 533 27 0% 54.8 2304 
at eal ie © eo 0 53 0% 27 4% 556d 2801 
re a6 2 26.7 5362 27.7 oi 0.0 ~ 0.0 
23 57 ef 26.0 + 59%5 * (2996 ¥ # Oret) * bei 
24 5723 200% ¥*¥ 593'3 * 272% * Vand * £259 
on 5325 21 o0.2 27.2 5607 28.0 
26 SB iieo 26.9 58.0 27.7 5723 25.0 
27 57.2 2766 5d 8 27a 57 el 27.8 
28 se 5823 * 27 ot 59-2 27 0% 53.9 2502 
2g 290% cree 605 2023 49.0 28.39 
30 60.5 27 ae 27.3 5122 28-0 
<3 fl o4eh 26.0 60.8 Coed 0.0 0.0 
MEANS wo eo 26-9 5B e& 27e2 54.5 203 
OBSVNS. ee oe 28 28 24 24 
MAXIMUM b4e4 28.0 64el 28.5 60.6 28.3 
MINIMUM Seal 26.20 54e3 Caet 490 200% 


STO.OEV. 2096 vol 236 73 3.27 064 


CAPE MUCGE 


MEANS 


DATE 


OoOanNnN Oul Wh 


O8SVNS. 
BRL Ve MEANS cs ccc ee ee cee ere ee cee eee dere seseceeensesensenesece 


MAXIMUM 
MINIMUM 


STOeDEV. 


* 


* 


x +* 


ee eK eH 


OCTOBER 
TEMP SAL 
51.3 2706 
49.5 27.8 
4909 * 2860 
50.3 238.2 
51.23 28.9 
Sule 27 of 
51-9 * 2055 
5208 2 bio 
5302 28.8 
51.0 28 0% 
5329 2 Def 
5205 * 2 
51.0 28.3 
51.0 2606 
4903 ote S 
4Beb 28.6 
4828 2826 
50-1 28.6 
5007 2866 
50.5 26.2 
50638 * 2804 
5161 * 2354, 
51 es 28.9 

0.0 » Rite, 8 
00 * tha 
0.0 * 0.0 
0.0 + i 
0.0 * 20 
0.0 * 0.0 
4Je2 28.0 
47.3 2801 
5066 28.4% 
20 20 
5309 29e1 
47-8 2726 
1.54 043 


57 


25a a» 360n 


NOVEMBER 
TEMP. SAL 
* &Be2 * 238) 
487 27.28 
49.0 2724 
48.09 27.8 
4904 28.0 
* 4902 * 26.0 
48.9 28e1 
¥* © Paw *  Die,0 
* i Dad > ie D 
* 2 DR * Dit) 
* 1 Deal) * 0.0 
¥ i Did * - 0F.0 
¥7oeb 23829 
47.9 27.8 
* bLOed + 27638 
* 4606 + Chieu 
boo deo ed 
44» 3 28 el 
4&2 2660 
460 28e1 
G7 ol 28-2 
4628 2828 
42063 2822 
4603 2848 
G7 el 28.9 
47 e2 29e1 
* 465238 * 2d 
460% 2802 
45 04 2524 
4507 2728 
0.0 0.0 
4603 2602 
20 20 
i 29e1 
42.9 27 «4 
1,01 0&5 


xe kK KK 


DECEMBER 
TEMP SAL 
4601 * 2@a2 
4605 2861 
4607 250% 
457 2320 
Goel ¥ 200d 
4625 * Zayas 
46.9 2Be% 
46.3 28.6 
45.2 280d 

0.90 ~ §0e 0 
0.0 * +4040 
0.90 * Cie p 
0.0 * §05.8 
0.0 * 0.0 
45.8 23.0 
&5.0 2707 
45.3 28.5 
4603 2802 
bOey 284% 
46.8 2825 
4boeo7 28.8 
4oe26 26.8 
46.7 28.3 
4009 2920 
468 * Zaye 
4o.7 2955 
#602 292% 
4&9 * 28-9 
43.26 280% 
43.28 268-6 
43.5 2325 
9509 2825 
21 21 
51.0 250% 
4boe9 23% 5 
4325 277 
1.09 043 


Love 


58 


SISTERS ISLAND 49 29° 4135°N 124% 26 093 W 
JANUARY FEBRUARY MARCH 1977 
DATE TEMP SAL TEMP SAL TENP SAL 
1 4504 2961 YY» 3 2320 40.0 290% 
2 45.0 29.9 45.0 2905 4503 eusl 
3 451 294% Yee opel 4Ooel 29ei1 
4 44.8 29 0% 44.5 2920 45.9 2903 
5 G4el 290% 445 gt jak 4507 2965 
6 44e2 290% 4502 239.8 4522 aves 
7 44.3 2905 45.5 2948 Goe% 29.3 
8 44.0 29256 4502 292 4565 2904 
g 437 2925 45.0 Fade + 4565 2943 
10 w3e7 2903 4505 30.0 Qo ee ages 
11 431 29.0 460 U 3024 4565 29et 
12 43.0 2309 4505 30.3 45.0 29.0 
13 43.0 2669 455 23944 Kel 25905 
14 44o2 29.0 46.20 2305 45.2 29el 
15 44.3 2920 4oe? 2943 ye 239-8 
16 44ed oD ok 4oe7 2a 4565 ase 1 
17 4565 30.90 47.0 OPuk 46.0 2365 
16 450 30.0 456 23.0 GOe2 29.0 
19 44 oe 6 30.0 4563 23943 40.0 2901 
29 44 e6 286% 45 6 0 296% 4505 29el 
at 44 oy Vater ae) 45.3 234% 4505 23.0 
é2 Y4eoe 28.0 46.0 2904 45 oD 2901 
23 4u. 0 28.9 4503 29.9 4502 23.0 
24 YHe2 29.90 45.5 290% 450 29:0 
= 43.8 26.29 4505 294% 4522 e900 
2c Y3e% 28.9 45.0 29.3 45.5 29.20 
eer 43.5 28.9 4d 0 23.3 4Oe2 29el 
26 G3e7 28.9 4oe 0 2967 45025 aes 
23 43.5 eees 0.0 0.0 4503 23.0 
30 43.6 26.9 Je 0 0.0 4Ooewe 2303 
ay Y4He2 2328 0.0 G.0 4Oed 2923 
MEANS Y4ee 29 Hl 45~—> 295 4546 ose 
OBSVNS. 31 $1 28 28 Si mh 
MAXIMUM 4505 33.0 47.0 304% 4o.d 2528 
MINIMUM 43.0 24 + 443 2520 4520 23.9 


STO.DEV. 067 042 007 2 38 039 02h 


39 


SISTERS ISLANO 49 29 13 'N 124 26 00 W 
APRIL MAY JUNE peor gd 

DATE TEMP SAL TEMP SAL TEMP SAL 
1 4603 2 Find 5726 30.6 53.38 23el 
c 4&7 oe2 2920 5626 3064 aia-> 24.8 
3 4726 Vedic 55 65 30.4 54 ed 2426 
4 4665 2925 55a S.Lvek Babee 27 el 
5 4608 290% 4808 3024 54.0 2628 
b G7o7 2Gef 50.0 30.90 554% 2568 
7 4SBel 239-9 51S 2523 5529 200% 
8 GBel 2925 S2ie ft 30.6 5503 276 
9g 4725 29.8 5302 2522 552 2726 
10 46.8 29.7 53-1 23.7 5622 2009 
pha k 4606 2967 5405 2626 5603 27.26 
12 47.0 2948 5403 29.0 572d Ofe7 
13 47% 3023 54.0 28.9 5903 2661 
14% 47.3 2 94 Bete dL. 2949 60.3 27-6 
1S 48.5 Midas | 530d 30.0 61.3 2743 
16 489 30.0 5469 2829 62el 2722 
17 47 od 299 54.5 2726 63.3 2 el 
18 &Be& 30.2 506% 25-26 6226 2% 03 
LS 4325 30.2 5705 23-0 630% 2607 
20 49.6 30.4% 5oel Cate 0263 20% 
21 47eol 30.2 55.60 26 0% 60.5 Zoe 
ad &¥7eb 30.3 55D 2508 57.0 C7 ol 
ion 4769 30.2 546% 2665 61.8 20.6 
24 4QGe% 30.3 53D 29638 60.7 22.0 
25 Site 30.2 5520 2508 6065 23-8 
2c & Jel 30.9 5305 2668 5908 2220 
27 4Ie7 3023 53.0 2822 6243 24.0 
28 Site2 30 0% Site! 2305 65.0 23.3 
29 520% 30.0 55.5 2S 61.0 24035 
30 5501 30.6 54 04 239 63520 2520 
S1 0.0 0.90 Sy e 7 2426 0.0 0.0 
OBSVNS. 30 30 $1 31 30 39 
MINIMUM 4EodS 2920 482d 22.7 53 ec 206d 


STDeDEV. 1.94 041 1.93 2047 3259 2203 


60 


SISTERS ISLAND BO.29 £3 UN 124% 2b 00 W 
JULY AUGUST SEPTEMBER  ig¢ 
DATE TEMP SAL TenP SAL TEMP SAL 
1 61.6 COe+ 6423 a te0 53923 26413 
2 607 2625 64.9 25.0 59.20 2008 
%. 5825 271 C505 2528 5B eS Zot 
4 5906 2607 6445 254% 58.5 2629 
=; Ware © eties 6005 250 0h 58.3 27% 
.e) 5925 liek 68.0 Fas ae 596% 2726 
7 Ogerl 2423 6020 redo 59235 27 o% 
3 6225 24.38 b4e% 26.3 00.7 270A 
y 630% 2eeol 6023 25109 . BIS 2745 
10 6309 23368 or are) 2528 53-6 2723 
Ut 64.20 2426 C77 26.7 60.1 27.7 
12 62609 Orit S 64.5 26-8 59452 2726 
L3 0326 2403 67 9 2de4 57 e% ives 
14 6369 2365 6925 2o04% 55 4% 27.8 
15 64.3 24.8 70S ebe% 58.9 ole? 
16 ose 25.0 67 25 2004 500% ovis 2 
pF 3 b2el Mae | P| 6502 200% 5606 2726 
18 6366 26.29 6be% 2onw 5606 270% 
19 64065 2629 65.7 25iteyd 5569 27.0 
20 64.0 24.5 coe 3 26.8 55 8 2605 
21 626 2528 C568 20053 5oel 2605 
ag 63.8 25.26 64 el 2de% 5025 Zand 
23 6202 2509 bled 25-8 5300 2707 
24 63.0 2Oel 58.0 2 Tee2 5620 27-2 
25 6565 2564 5965 26,3 57.20 28.0 
26 6604 2529 60.0 are | EE § 270% 
27 6667 2505 oLed 23.58 5526 26.0 
28 6504 2508 60.2 254.5 5520 2822 
25 0405 25%5 60.3 25601 5409 200% 
30 64.0 256% 60.1 26.3 55-0 280% 
31 6307 25 8% €0.0 2601 0.0 0.0 
MEANS 63.0 2 Sia & C405 26.0 57 e+ 2726 
OBSVNS. 31 31 of: a1 30 30 
MAXIMUM 66.7 2a 70.5 2 hieie 60.7 Ro ie 
MINIMUM S£08 Ct 58.0 2.3%.8 54 ed 2oel 


STO.DEV. 2.09 032 Sie Zt one) 1.686 050 


61 


SISTERS ISLAND 43 23 135 N 124 26 00 W 
OCTOBER NOVEMBER DECEMBER 1977 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 55 ee 28.0 4326 alae: Rea 400% 2904 
2 5%. U 28.2 4305 296t 46.0 23.9 
3 54.0 28 ei 43.0 29.25 Woe 29.0 
“4 54 e 0) 28 ot 49.0 23905 4567 29.0 
2 5400 28.1 43.5 269 457 29-0 
o 5506 2602 Ged 23el 46.0 29el 
-7 54.0 23801 4366 2901 45.0 29e1 
8 Sle 28el 4804 29253 4y,8 2901 
3 5363 2802 Gdehy 29.1 44 5 28.9 
11 Bue 2Bbe2 48.8 29.3 4Oo 290i 
12 530 U 29.20 * 48.6 * 23,6 450d 2920 
13 bess 26.5 4803 2007 46.0 2901 
14 aig ea 28.9 4302 2904 46.0 2829 
15 bisd9 28.9 48.0 2925 45.20 2828 
1€ 5105 25et 47.3 2504 uSed 28.8 
17 5268) 28.9 47 03 296% 45e1 283.0 
14 5205 29.5 G77 2908 44.0 280% 
19 S243 26.9 4607 2903 43.5 230% 
20 5203 2528 4520 2901 44.5 2828 
21 amar eo) 2B .% 4504 23943 45.0 28.9 
22 50.6 296 4502 2923 4525 2828 
23 5069 2349 4502 290% 43.5 28.3 
24 50 e% 2947 4606 2905 43.5 2809 
eo 50.5 3020 45 05 2905 ae ed 2809 
26 5067 290% 46.0 30.0 43.7 2603 
ce 50-3 $Ue2 boo 2323 43e% 2623 
28 > 50.0 29.05 boo f 23.019 43.2 2806 
oo 50.2 2929 4665 250i! 4205 2805 
30 &Ied 2.15 4607 23.64 4225 23.4% 
31 0.0 2526 0.0 0.0 4267 27 sf 
MEANS 52.2 2693 47.5 25944 44.8 26.8 
OBSVNS. 31 51 ag 24 $i $2 
YRLYV oe MEANS ec cence vc erneereeveccnsee ses veeceseeseveceesese D203 23501 
MAXIMUM 552 3002 4326 30.90 4Oo4 29el 
MINIMUM 4903 28.0 HD e2 2349 42.5 27 ef 


STO.DEV. 1.59 2638 1.37 20 1.21 030 


62 


CHROME ISLAND 49 23 20 N 124 40 57 W 
JANUAKY FEBRUARY MARCH i9ff 
DATE Tener SAL TEMP SAL TEMP SAL 
1 44.0 21 <5 GS eh 29.20 45.7 27 o% 
2 4Oel 2948 457 28.9 450% 29.0 
3 4505 2943 45.5 2628 4626 29.0 
4 45.0 29.9 4oe3 2Ie% 4o.0 29.5 
5 450 29.5 4o23 2967 46.0 29.9 
6 44.8 30.0 4603 297 46.0 2323 
7 44.5 2909 405 2305 4oo0 294% 
8 448 290i 4605 2349 46.0 2945 
| 4502 30.90 4Oe2 23-3 4&oe3 29.7 
10 44.5 2905 4668 2945 4325 2202 
is 449 29-9 47 20 2907 46.0 29.8 
ie 44.8 29e1 4&7 2 2929 45.5 29.9 
13 Yue 2945 4525 26.5 43.0 2568 
14 4UeS 28.5 46.3 286% 4505 230% 
15 45.5 29.9 4605 26.8 46.3 2363 
16 45.5 29el 4526 2828 45.38 29.7 
17 46.5 2904 47.0 28.5 47.0 ras Be 
18 4Eo/ 30.0 4760 2320 46.5 29.3 
i Ti 4606 2564 47 o2 2920 46.3 2oat 
20 45.7 Coed 4006 2828 45.9 2505 
21 4660 28-6 4606 29.0 Goel 2929 
ae 44.6 2846 46.3 rage eos A 40.0 30.2 
23 452 293 4oe 0 28-56 46.0 30.3 
24 45e2 2609 46 04% 28.5 453 30.3 
eo 44.26 28.9 4509 28.9 45.3 30.0 
26 43.6 Cred 4506 2920 45.7 30.6 
“af 4207 28 6% 4606 2925 45eb 396% 
28 4 3e2 28-6 46.7 296% 4505 2928 
oe 43.4% 26.6 0.0 0.0 46.5 29-9 
30 435 294% 0.90 0.0 4o.3 2963 
$i 44.6 2923 0.0 0.9 47.7 30.0 
MEANS 44.9 Lee 460% 2301! 4509 2923 
OBSVNS. 31 $1 28 28 31 ot 
MAXIMUM 4606 30.0 4702 aaa 47.7 30-0 
MINIMUM 4207 ae 4524 2625 43.0 22.2 


STO.OEV. 099 058 051 264 0 37 1.59 
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CHROME ISLAND 49 28 20 N 124 40 57 W 
APRIL MAY JUNE 1977 
DATE fee SAL TEMP SAL TEMP SAL 
pt 48.3 29.8 54% 6 0 29.20 S2si2 2901 
2 4706 30.2 5166 23.0 5364 23.7 
3 47 eb 30.29 5005 2345 *269er * 23st 
by 4Be& 2929 &Jed 2943 54.0 280% 
5 47.8 29.29 “90% 29.8 5402 29.0 
6 48S 2965 50e2 302% 5465 28.5 
rf 47.5 29-9 50.0 2943 5548 2302 
8 4725 2969 51-5 250% 5728 2625 
~ 47 ol 30.0 50.3 29«7 58.0 27 of 
10 4606 23963 530% 256% 59.5 28.8 
11 47.0 296% 5422 29e5 58 04% 27.3 
12 4702 o0as 53290 2924 60.8 2728 
13 47 oh 30.6 5202 29.9 61.0 2O02 
14 &6e6 30.2 Sie2 2929 6202 27.8 
15 &P%e2 306% 5105 3022 62.0 250% 
ic 4705 3002 5226 2929 6228 26.0 
17 4&7 od 530.6 5420 25.7 6302 23eol 
18 47.9 30.7 5303 295 63.0 28.4% 
19 Ybe? SU.t 5206 29-9 58.6 CEe% 
20 GS eS 30.6 5404 30.3 5728 28.38 
21 46.3 29.9 51.8 23.9 58.5 28.9 
22 48eb 30.3 54.0 2927 57.6 2865 
23 4823 2905 5302 2923 554 8 29el 
24 4B ei 2625 5326 23.9 57% 25.38 
eo 4925 302% 54 e2 23.9 5726 29.7 
26 4Ie2 30.3 5305 23.3 56-8 28.93 
27 486 299 51.0 30.0 590 28.1 
28 5123 2907 5204 2929 5362 28256 
29 5266 30.3 51.26 30.6 60.2 27.8 
30 54.0 30.0 51.3% 2929 61.0 205 
$1 0.0 0.0 51.0 2903 0.0 0.0 
MEANS 4 Bod 30.0 b2e2 29.07 58.3 286% 
OBSVNS. 30 30 $i 31 29 29 
MAXIMUM 54.1 30.7 540% 30.6 63.2 2967 
MINIMUM 4628 26.9 8904 29-0 5202 2665 


STO.OEV. 1.63 067 1.49 039 299 07% 


64 


CHROME ISLAND 49 28 20 N 124 40 57 W 
JULY AUGUST SEPTEMBER 13977 
DATE Tor SAL TEMP SA TEMP SAL 
7: 6102 27 636d 25el 60.8 ies be 
2 S9e5 27.28 b4e2 2h ei 5366 2861 
3 S145 28-2 G5ac 2609 ST WS 23.0 
& 53.0 2625 00 e~ 2025 58.0 2502 
5 STG 28.9 bBbe2 2601 i he ad 2422 
b 5726 28.9 03.0 2645 58.8 29%S 
7 60.0 2664 69.5 2fel 59ee 25.0 
8 60.3 29.0 636 20-0 606 28el 
g 5820 2945 63.6 2020 61.2 23.0 
10 6225 282% 70.2 2o0ed 614% 280i 
11 60.3 2985 696% 25.9 61.2 27.238 
12 61.7 23Nt 6329 2bel 61.3 2302 
1S 6026 2943 66.8 2607 Sies 280% 
14 62.8 29.20 692 2hei 61.6 27.0 
15 6365 2822 682 20.9 53825 ra ae 
16 61-9 28.0 68.8 2629 57 ee 25.0 
17 53825 26828 6606 2007 575 27% 
18 612% Zone E522 27.8 5625 2666 
a b4ec 2Oe% 60.0 2802 55 2 28.8 
20 620% 2607 6402 Ae dae 5405 23507 
ap 626 C7 of C404 282% 53% 5 23.3 
22 6367 2526 61.0 27.8 5302 29e1 
2s 644 2fee 539.2 23.3 530% 28.9 
24 6568 27 eS ee ey 2548 5206 2929 
oD 60.0 27 6% 5726 29.0 54e2 29.0 
26 6565 26'S 5826 25.8 532% 29.1 
27 64.6 27% 58 2826 55.0 28.8 
238 58.0 2826 5320 27 0% 50% 5 2522 
29 54.6 28.8 582e 29.0 Bos 2 a= 
30 5606 29.0 5304 26.0 5528 2302 
31 60.6 29eD 6145 27 al? 0.0 0.0 
MEANS 61-0 2 Bratz 6406 2704 57% 2845 
OBSVNS. 31 31 Si 31 $0 30 
MAXIMUM 60.0 29.5 70.2 2963 61.4 29.9 
MINIMUM 5426 25.6 5545 25e9 526 27 +4 


STD.DEV. 2298 98 425% 1.03 Set Pots 


0 a ee eee eee 


eS 
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CHROME ISLAND 49 286 20 N 124% 40 57 W 
OCTOBER NOVEMBER DECEMBER 1977 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 55 20 27 0h &Ie6 2921 4742 2964 
c De eh 2605 47 oS 27.8 47.2 29.9 
3 54e2 2965 47 e2 2607 4602 2502 
4 54.20 28.5 4Bo% 23aS 46.0 2904 
5 be ot 2828 43.0 2824 460 29.0 
6 54.5 28.6 * 4323 *e 2 Slee 4602 29e1 
ré ens) 26864 48.6 28.9 402 29-8 
8 5408 28-2 48.2 2 Faas 44o8 250% 
g 5420 2368 4&7 od 259-90 4466 29.7 
10 S35 26238 4904 2925 45.2 290i 
1i 54 eS 2869 48.38 2323 hoe 2901 
12 53/2 29.20 4826 29.8 46.6 29-5 
13 5302 2829 48.0 29.25 460% 29-9 
14& 520% 2908 G72 2504 460 28.9 
2 520% 2920 4726 2920 40.0 29.7 
16 Siec 29.5 4606 20.4% 4Oe% 28.5 
17 S1e2 29.8 4O.4 2961 46.0 2920 
18 5220 2901 4506 2520 4566 2808 
79 bis 5 290f 4de2 2509 4528 28.8 
20 51-5 29-1 4600 28.9 44 0% 2606 
21 51ied 2923 ¥5 ed 28.8 &y» 0 28.6 
Ze 5068 2928 45 e4% 25-8 Koei 2602 
23 50.5 30.0 4620 2822 Yueh 2802 
24 506% 30.3 4¥Oe2 29.3 44.8 28.4% 
25 50.0 2948 460% 2829 4% 26 2825 
26 & Geb 30.90 45.5 2629 44 0 28 e% 
27 49.8 e9a9 47.0 ale pe | 4328 2826 
28 4926 30.0 * 47.0 "2 Epa 43.9 28.9 
29 & 9 of 2905 47.0 290% 4320 285 
30 &9e26 3062 456 26.6 4305 29 a. 
Si 48.26 eviad 0.0 0.9 43.2 230% 
MEANS 5 2e2 2oee 47e2 2347 4503 29-0 
O8SVNS. 31 31 26 28 31 31 
YRLY eo MEANS ec cocvencecr eves enceveseceeseseenseecseveversers 52.0 2809 
MAXIMUM 55.0 30.3 436 2928 &7 22 2909 
MINIMUM 48.6 27.3 oe 2504 430 2822 


STO.DEV. 1.97 069 Lecdli 90 pap | 093 
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DEPARTURE BAY 49 12 38 N B25" LT Wi 
JANUARY FEBRUARY MARCH 138 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 * 0.0 0.9 * 4406 * 20%035 50.0 ebed! 
2 * hed * 0.0 4604 2605 4oe% 27.24 
3 = 0.0 - 0.0 45.5 28.2 4622 23240 
4 W325 28.20 4302 2520 * Paid * 30... 90 
5 4307 28 wi 4Oo 25.0 ‘5 020 7 6 .Q0 
6 432 28.0 ¥ 145595 + 2S * Sy0ied * Wie FO 
7 44.8 28.6 446 * 2oin2 4bo* *: 6.00 
8 * 43.9 * 2a 4604 26:39 46e4 * 0.00 
9g * 42.9 * 2h 4OooG 29.07 4% ed * 6.90 
10 41.9 27 oi GBe2 28.18 4Oe4 29229 
p tw %3e2 2620 4Oe4 28.63 44.6 23.84 
led 4323 23.0 * 645),'6 * 28885 * 44.0 * 24-70 
13 42.3 Beak * 45.2 * 25403 * W304 * 25507 
14 43.0 25.6 44.26 2 tin BZ 42.6 20044 
ie: * GGe7 * 2661 * oo * 28.05 4Oe % 2t.52 
16 * 4604 + 2006 &3ec 28.38 4862 28.04 
£é 4Be2 20 02 50.0 28.213 *ogt eg * 40.00 
18 43806 28.8 THEO * 20.80 * O70 * £6.00 
19 473 abut *Seed * 7.00 *ipog0 * 96,00 
20 4325 26.9 *C ete) * 0.00 *euRet * 90,90 
rd | 4609 25.0 4Ooe 4 27.// * 29022 * 263.00 
ae * 45.6 * 260 Oe 4 238.60 0.9 * 0.00 
23 * &He2 * 2iee 44 —d 23.09 Tug Red * £0..00 
24 4228 28-2 4Oe% 29-00 *eooR0 * 0.90 
23 42.8 2b a8 44.6 27292 * 0.0 Ps 6.00 
26 43.0 2766 * eRe * 26262 *9 50 ed) * 66.00 
rath 43.3 27-46 * 45.8 ¥ 2b 082 *3 66460 * 6.900 
28 'y o0% 0 * 0.0 4oo% 27202 *- 5000 * 0.00 
29 “ 0.20 * Piet 0.0 0.900 * 1404 0 * 9.00 
30 *t ee B * 22a 0.4 0.00 *3¢05 0 * Fs80 
31 42.8 2Be2 0.0 0.00 ‘fie Ga G * 10,90 
MEANS G4el 27.6 4oe% 28a27 460% 27.38 
OBSVNS. 5 | > O| 16 a7 11 te) 
MINIMUM 41.9 2504 4426 27202 4265 23234 
STO.OEV. 2204 90 146 053 1.97 1.66 


ft From February 8 onward, salinities at Departure Bay were determined by salinometer. 


DEPARTURE BAY 


DA 


see 


ie Roa ey in, 


MEANS 
OBSVNS. 


MAXIMUM 
MINIMUM 


STO.DEV. 


TE 


eoOonw nui tc wh 


* eee eRe KKK RH 


* 


x 


* 


49 12 38 N 
APRIL 
TEMP SAL 
0.0 * 64.00 
0.0 GeO 
0.0 * 6.00 
0.0 * @.00 
0.0 * G00 
00 ¥ GFXOG 
Vel * 6.00 
0.0 * G00 
00 * 6.00 
0.0 * 6 @200 
0.0 * GOF.00 
0.0 26.88 
4Bed 29242 
46.9 29227 
Ylel 26527 
&7 oS * 26657 
&OeD * 28.87 
46% 29217 
47.35 28246 
Gbet 23.69 
4905 26067 
0.0 * 60500 
wo * 6800 
ef * ©6700 
5361 2F wD 
5405 26-00 
51.3 28.47 
54.5 28232 
54.0 27.86 
54.0 * 27.60 
0.0 0.00 
50.2 23.20 
i? LS 
54,5 29242 
YES 26200 
321% 96 
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OBSVNS. 


MAXIMUM 
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STO.OEV. 
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aS GSi) iT OH 


AUGUST 


_ 
Ti 
xg 
me) 


omc 


e® ° e ¢@ 


* 


oO 

e 

(on) 
x 


+ 


SEPTEMBER 
TEMP, SAv 
59.0 23.76 

0.0 * -1QOulliO 

0.0 * 6.00 

0.0 * GQéa 
63el 24.06 
602% 24-08 
63-1 24.65 
631 eoa22Z 
6301 * 925.654 
63.1 ¥ P25 Be 
63ei 26420 
62.26 2086 
539.0 28297 
59.0 282-97 
oH Me i 27-30 
5665 © BGs 1 
Sab * @2 025 
5409 var a fats] 
5326 23-67 
54 el 28.85 
55 84% 24% .39 
5465 27.54 
5405 + 27.76 
55 el * S098 
5 ee 26.20 
55 eG 20017 
Sihwe Boi D3 
5403 25228 
55 64% 25-88 

0.0 0-00 
58 el 26045 

24 21 

6301 28 Dil 
5 Sab 23276 
3240 1.72 
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DEPARTURE BAY G9 12 38 N 28 STs 47° 
. OCTOBER NOVEMBER DECEMBER 1977 
| DATE TEMP SAL TEMP SAL TEMP SAL 
1 * 55.4 * 26.43 4309 =* 27.19 weed 28.35 
2 * 55.4 * 26.98 4707 * 25,68 45.3 24642 
3 55% 27-853 46 04 2o 517 * 45.9 * 25.24 
dy 55.8 27 #07 * pine * 6600 * 4406 * 26,06 
4 5 55.4% ot we + 0.0 ~ 0,00 4oe2 26.88 
6 54.3 274629 * coal = “Gea Pad 24.68 
; “4 55.0 27.36 43.0 28.54 4509 28259 
8 * £0960 * @200 48.2 28224 bs Ov 2heol 
) * 2068 * OFo0 47.3 * 26.96 41.0 26027 
10 + oO50 * 0.00 4322 25.67 * 41.9 + OTS 
1a 5326 28.38 * Sis * 0.00 * 22 98 * Qage4 
12 532% 28216 * sOe0 * 0500 43.7 Otel s 
13 S35 ak 269TE< . * pode * 0.00 442 serch iat 
14 5305 26715 4626 25.31 45.0 19.11 
: 15 * 53.3 * 27.96 U5 oi * 25491 45.7 2hs27 
/ 16 * a a * 20erT y7 el Pogo Lk 4268 24-252 
17 52e2 27408 4628 25,87 sae 4225 ae 24,07 
18 52.5 27249 4606 26.09 * 42e2 * 23.61 
19 5 ae'2 27e95 + “ogy * 26.27 ie iS 28505 
. 20 5203 27499 * 44.7 * 26246 4ie7 23.47 
21 5128 28.00 43.7 26265 4208 26200 
22 * Sing a 28-40 45.7 28.45 41.7 Zee he 
23 * 506 * 28.81 by. 8 28.47 43.9 27a 
24 50.0 29222 45.3 27%. 84 #8 Gia * 0.00 
25 49.8 26.47 4606 27.66 * 5 fed * 0.00 
26 498 27.99 * 45.9 * 26.54 4 de rent * 0.00 
27 4865 27x12 * 45.2 + 25,40 * 5 da0 * 0.00 
28 44 Sie 4: 278749 44h 24-29 39.4 26.79 
2g * 6868 * 28.07 hoo B 26.24 41.0 26.87 
30 * 4605 * 28.38 4602 27295 408 26052 
31 4Be2 268.69 0.0 0.00 * 6.20 ¥ Oy, 00 
MEANS 5203 27.90 46.5 26-86 &3et 25.11 
 OBSVNS. 20 20 20 16 20 20 
Nite Poa tte 41 te acs go eine eb 006 6 ela © 6 bee Os. 400 oo 8 4.6 8 8) 6 6 0 6S 05.5 608 888 52.9 2Oe4% 
MAXIMUM 55.8 29.22 48.9 23254 45.9 28,59 
_ MINIMUM &Be2 27.07 43.7 Pa 39.4 175 
| STO.DEV. 2236 059 19ST ta 54 164 2.35 
; 
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ENTRANCE ISLAND $9 12 SAN 2s "40" 27 Wi 
JANUARY FEBRUARY MARCH 1977 
DATE Pear SAL TEMP SAL TEMr Sie 
1 G3ei 2623 4Yec 26.0 45.7 230i 
2 45.0 27% 43.23 276% 4507 2802 
3 4E6e1 28-6 42.0 200% 4Ooe2 28.9 
& 4502 2 Oe 445 27.8 45.5 23e1 
y 43.0 274% 44.5 28.4 4602 cues 
6 4205 creo &ye 3 Vag Pe) 4523 C984 
7 43.0 2520 Y4e2 276 Loe 29.8 
8 43e38 2767 44.5 274% 46.3 2928 
s 43.6 27.6 4Oel 2809 4025 2965 
10 4324 2861 4o of 29.23 456d 2826 
11 45.0 28.5 4606 29-1 4528 28.8 
12 43.0 27 0% 47 e2 ovat 45.3 28.8 
p 4302 276% 445 26.7 45.3 2320 
14 45.0 250% QGe7 Zobel 4501 2862 
15 4526 28.28 45.7 2604 45.7 2806 
16 4507 28.9 45 of 26.8 4508 2585 
Ly 4602 29.0 Loe 2802 * 4509 * 2655 
18 47.0 29.0 4620 2828 46.0 282% 
19 &6e1 26.8 4523 Eres 4620 28.6 
20 44.9 2465 46.5 28465 4565 282% 
21 45 oh 2802 4600 Ae De 46e2 2805 
22 4325 2767 4605 2925 46.0 2309 
23 W356 27.8 45.3 2661 4509 29.20 
24 4304 27% 4502 2628 45.38 29-0 
Zo 43.5 27.6 45.3 26069 4509 2829 
26 4309 27.8 45.5 28el 46.0 2907 
27 4323 28.20 4604 29.0 45.6 2945 
28 43.2 28e1 4505D CF sic 4509 eves 
29 43.6 2822 9.0 0.0 4603 296% 
30 4208 2768 0.0 0.0 4626 290% 
31 44.0 26.1 0.0 0.0 4028 29-5 
MEANS 4Ue2 Cres 4504 2t-s'8 4Ooe0 2609 
OBSVNS. 31 aL 23 28 30 30 
MAXIMUM | 47.9 29.0 472 2905 4508 2928 
MINIMUM 42.8 2468 4226 2601 451 280i 


STOeDEV. 1.20 098 1.13 1.04% 039 052 
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ENTRANCE ISLAND 49 12 S4uN 123 438 27 W 
APRIL MAY JUNE ve Br f 
DATE TEMP SAL TEMP SAL reMP SAL 
1 47> 2967 5423 2822 5304 27.38 
2 4723 29Gel a ree) 28256 as © 24e2 
3 4703 2B ad 4WQe7 29.0 5226 27eol 
& Glel 29.005 4923 2904 51.1 2305 
5 Gbe5 2961 52.06 26.7 57.0 2Oel 
6 &8e6 2923 54 ef 22e1 32,05 260d 
| 7 4865 ails Me) 5004 2 wi 60.5 2225 
3 8 4606 29% 55.0 27 el ifee 24.0 
S 4oe® 2925 2st 26290 5762 25e1 
10 4606 29 0% 5563 2269 STS 2509 
11 4Ee/ aes 552 2345 Dye" 2529 
12 4Ee/ 2907 54.0 2607 59.05 2608 
13 47 0 2907 50.6 28609 6002 2609 
14 47.20 29.7 5220 27.8 o2e1 24e7 
25 47.0 29.8 5301 2724 6205 gow) 
16 47.5 2928 530% 25.0 6203 2528 
17 4726 2907 S302 23. sit: 6407 2024 
138 477 28.8 55 20 2doe1 E307 220 
19 48eS 2944 53.65 2306 5606 2702 
20 4B o4 29-3 c3eb 20e1 2,0 28.0 
ei Y3od 23923 507 25.8 5405 2506 
ad 489 29.3 5d) «8 2824 61.3 19.6 
23 5069 CaS 5226 2605 5923 2001 
2% 5228 26.29 55.29 20.9 > ee, 2726 
25 510% 26.8 Bp ek 20.8 55? 2802 
26 49.6 29.3 Sit 2802 ot Fe) 2408 
ey eel 2923 49o% 23s 61.3 Z4o% 
28 5226 2802 50.1 2364 5826 2669 
Zs 53.20 28% > one | 20.8 6220 17.9 
30 Sk ey 2665 BY we Ci a8 62.5 2006 
31 0.9 0.0 bd sii 27.28 0.0 0.9 
MEANS Gbef O's 52-9 2006 5B ed 25-0 
OBSVNS. 30 30 ope $1 30 30 
MAXIMUM 5326 2928 50 e+ 2944 Ceef/ 2bed 
MINIMUM 4605 2602 43.3 20.8 51el1 2 ET A 


STO-DEV. Ci lih eS 2203 2075 3248 2292 


ay 
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ENTRANCE ISLANJU 43 12 34 N $23: 748 agi 1M 
JULY ALLUST SEPTEMBER «i507 
DATE Lege SAL TEMP SAL TEMP SAL 
1 60.8 2oeu Srwc 13.0 60.2 a, 
2 62.0 15%..5 €6.7 rus | Sie 9 23.3 
3 b0.0 24.7 6665 Zeer oh one 2520 
4 5869 26.9 65.0 rSrehU 60.5 24.7 
el 58.5 24et 0Oe5 25.09 C05 24o% 
6 60.5 (age BP he bie 3 2402 o0e2 he IS 
7 db1e2 ge b7*55 Zoid 61.2 2403 
8 60.0 26.0 Cb 05 Crag 61.5 C4el 
) 643 24.7 650.7 axed Give 5 242d 
10 632 24.7 6565 Vara) 60.3 A9ec 
lee Silas 20 67.6 2428 60.2 2545 
re 61.9 ooge 67.0 20.0 Cie D Goal 
13 604 26.90 632 2oel 68.8 2009 
14 5569 ofet C5ef 2549 58.6 272 
ihe 6520 19.4 65.0 26.3 5705 2529 
1o 59.5 25038 60-0 261 Shae 272 
17 61.4% 2520 69.7 2oel 56.5 ered 
18 0363 20.3 53% etsT Soak 2iab 
se 63.0 21.0 C0.7 EVs 54.5 26-1 
20 6404 El@ged 60.34 276 5264 2Be% 
21 03.0 elec Boe 5 240% 5403 23522 
22 63.0 “23% 5be2 2824 Bb al Al GEES 
23 64065 24e0 54% 6 U Lon 5 Sy gral 28.3 
24 65.0 eins weed 23.0 Ocal 260% 
S 66.5 2229 5246 28.9 5364 260% 
Co 3 b4ed gs | 58a Coe? 50.7 2+e% 
af 00.9 28.1 o4 oD 2804 56.3 AGT ie 8 
28 50S 28.0 oa S 250% Soe Bea C4e% 
S Silat 2ov2 G4a 2 2558 5602 2620 
30 5920 27 «3 G15 22.0 won 5 en Fe 
31 644% age | 61.5 a2 5 0.0 0.9 
MEANS 61.6 24.5 625 abe to) S74 2602 
OBSVNS-. 31 31 31 31 30 33 
MINIMUM 56-5 19.4 U2eac 1330 52.20 edie k 


STO.OEV. 2059 2000 de62 2.59 ced? 1.74 


— ey 


Oe 


ENTRANCE ISLAND 


GCTOBEK 

DATE emer SAL 

1 9520 26.3 

2 53.8 oie: 

3 5425 269 

4 54.8 Mall 

5 54 el 271 

6 Deeb e7el 

7 ee | 2702 

8 5326 27.3 

g 5308 27.7 

10 53% 27 84 

ekyg 54e2 2767 

12 520i 2862 

13 53 el 27 e+ 

14 550% 27 ®ic 

ee) 5204 2726 

16 DL el 2b ee 

sky 52e2 27 o% 

18 5206 On tote. 

i b=) 52 ek 27.53 

20 Dicteio 2723 

ait 5069 23.5 

ae 50.2 2961 

23 Died 28.9 

24 50.0 2920 

5 &3Jeb 29.20 

26 Died 29.20 

27 +906 296% 

28 49ef 2oa'h 

29 49.0 29 0% 

30 49.1 29.8 

31 43eG 28.2 

MEANS S201 26.0 
OBSVNS. 31 

YRLY oe MEANS cco ee ren vesesecevece 

MAXIMUM 5D el 2928 

MINIMUM 4809 2623 
STOeDEV. 2208 


43 12 34 N 
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MZ: TS “27 iW 


NOVEMBER 
TEMP SAL 
4305 2528 
493 27.7 
48.6 Direc 
49.0 26.5 
4Iec 26.535 
4Bed a tive-S 
434 Cheat 
431 ¥ 23e4 
48.8 28.6 
G8ed 2920 
4805 29 a1 
4309 2925 
YBel 290% 
48.5 2Ge1 
47 oJ 2524 
Cyan? 2528 
a7eol 2oel 
4Oee Gd in'B 
4603 2609 
&Oeb 272% 
4oe/7 2728 
4526 Cleat 
4523 27.8 
47 20 28.5 
47.0 27.8 
4o.0 oid 
47.3 26.9 
GT eo? 2726 
S7e7 23-9 
452d 27.8 

0.0 0.0 
47 ov va ans 
23 29 
4304 29.5 
45.3 2568 
1.25 Lied 


eeseaeseseoseeosvnenegeeonuee @eeee € 


DECEMBER 
TEMP DAL 
4 Oo d 2504 
4503 rar ioe i 
Yoel 2723 
44065 2603 
43.3 2oel 
Yoel CSel 
4308 2628 
G27 26ei 
45.5 2625 
47.0 2523 
47o7? 2901 
Goes 27.7 
Ged 30e% 
47.5 30.6 
457 oek 
450 27.3 
4% « 0 22049 
4309 Boe 
he. O 2608 
43508 27 ol 
42.3 2501 
4220 2502 
41.9 2204 
“1 Cor 
Yeo? 2025 
4ie7 20e% 
Yied 2oe3 
4007 26.0 
41% 2620 
4203 2605 
3305 26.20 
44. J 2008 

$i 
51.8 27.0 
4&7 oS 306 
338 29 
lec 1.42 


ko fF @ 
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ACTIVE FASS «3 52 26 N He SAY 25 IW 
JANUAKY FesRUARY MARCH 1377 
DATE Tene SAL FEREP SAL hear SAL 
z Yee 25 66 4565 26.5 450d cat a | 
2 44.8 27.3 Ky» 0 20.0 45.56 28.5 
3 44h 20d 44.5 2522 Goel etat 
G Gua PA eae 3 453 23.5 4505 23.3 
2, 445 25el 44 » 0 25.0 4Oed 2505 
6 4308 oad SY, 45.3 2626 4oe2d 250% 
‘4 426 27fe2 Goe2 2748 4509 29 ai 
8 42e2 26-8 440% 2762 4503 5003 
g 45.6 2826 440d 2 6.08 4oed 300+ 
10 & 502 29-0 4502 250% * 4Del * Sear 
11 44 .G 2628 Goel 2568 4507 250% 
12 4203 CU 6s 4009 268.9 45d 30.4% 
13 430 2oe7 4005 23a 402 26.9 
1+ #5 G6 eiae 4oe5 280% 45f 2764 
whoo 4507 2808 GOD 2728 45.5 2802 
16 459 otal Woe? 28.9 456 2D aa 
17 47ec 23829 47 .U 2628 47 UO cbs5 
18 Goo? 26-38 4b.od 20.9 45.5 27el 
se) 45238 28.6 43.3 2226 4oel 2603 
20 G44e7 2520 45.9 26526 Goel 2608 
rig? 44.2 24.7 45> 3 28.6 4oe3 etei 
ce 4305 opal woe 0 30.90 4508 2907 
aie 4% 33 Covel 4506 3022 4502 coat 
24 4228 C%ed 44 oS 2001 4525 2967 
25 &3e1 26.5 4502 28e2 45.3 2304 
26 4305 C4ee is ar) 23.63 oe 0 239-7 
val 43.3 2629 4Oe2 2907 G50 2909 
26 4302 Chel 46.5 2305 4507 29387 
29 y2eh 2629 0.0 0.9 4601 2be3 
30 % 3.3 25.9 0.0 0.0 4626 26.0f 
31 44 eG 28.1 0.9 0.0 4Oo7 2603 
MEANS YHec ekee 4506 C402 45.9 280% 
OBSVNS. $1 Sf 28 28 39 30 
MAXIMUM 472 0G 47.0 s0aze 47.9 306% 
MINIMUM &2e2 Cue 4323 Pea h 44+ 2oe3 


STO.OEV. 1.28 1.248 91 1.495 253 Leak 
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i ACTIVE FASS 48 52 26 N 123 47, e3 wW 


APRIL MAY JUNE AS Fd 

DATE TEMP SAL TEMP SAL LEME SAL 

1 477 2802 54e2 LS ane 4827 Leo 

2 B9ee 2625 4309 290% ik ate 23.5 

3 &8e2 2629 50.5 30.2 50.0 25920 

by 4Be2 2826 43od 30.0 4968 23 ot. 

. ~ 46.5 28.6 49.3 2945 5605 220% 
| 6 4606 290% 4303 29-1 SS ek 271 
is 723 29el 49.6 28.5 5507 160.3 
8 u7e7 26.9 500 2945 58.3 129 
| -) Goe3 2952 Y3e2 29.0 58d 18.2 
10 4625 29a b2et 2344 59% Faly ef 

11 4763 295.5 Fie 2762 58.9 2be 35 

12 480 2907 Sle 27.8 oDel 2oe4 

13 47,5 die | 4304 27.7 ole Coe 

14 4Oe9G 28.2 43.9 29.3 ocel 2oad 

12 48.3 2943 21.0 29.0°6 92 4.9 2706 

16 4825 2 Denk 4325 256 Seo 252d 

FW 4%Be2 2808 50.7 286 > (ard 28.0 

18 4O0eG 2502 50.0 296% 55.6 23.0 

Ae 45.0 28.2 | 59.5 2947 57.8 24.7 

20 47.8 28.9 49.0 3022 otal 2609 

22 4723 2304 51.26 2929 5267 bao is 

22 43.8 2948 4305 29.25 52.7 259.5 

23 4745 2529 GJe+ 2363 5460 2529 

2% 50.9 2761 430d 2901 5203 230i 

ae. 50.07 21.0 5025 2526 Dee eUek 

26 468.8 2568 4309 2943 pal gé 2925 

27 51e2 266i 430g 28.8 54.0 28.3 

28 57.5 154% 50ac 3023 5550 2907 

ae 50.8 2862 gs S 2945 oc ed 15.8 

30 et 17.6 OL 2 230% 62.0 13.6 

We 0.0 0.0 ube dS 2¢.7 0.0 0.0 

MEANS 43.58 2767 50.3 28.5 5567 25.5 
OBSVNS-. 30 30 3i 31 30 30 
MAXIMUM ea ee) 2928 54.2 30.3 o2el evar 
MINIMU¥ 4EeS 156% 486d 13.2 4307 12.9 


STOeDEV. 2046 3047 1.225 3012 3093 +078 
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ACTIVE PASS 435 52 26 N 2S. 14> 235 W 
JULY AUGUST SEPTEMBER 1977 
DATE Pronr a Teter SAL TEMP SAL 
1 b1.3 Pac lc 6240 2328 il eke 200d 
2 59.8 eeu 68256 17.0 56.0 2020 
3 560% 2625 6746 13.9 5546 Zeer 
w ers Cy we 60.0 ce ad 55832 28-90 
5 Se pe 25-28 63.9 2426 ae eS 21.9 
o do ar & coo 65.0 ese? G2e2d ioel 
ra Slat 25 eo) 639e% 1vo.6 504 205 
6 5745 2oee Tres 10.3 62.9 1564 
g 5607 ae bogs 706% 13.9 0069 21.8 
10 He es 2402 TLOt 1 SHO o1.0 Lowe 
11 3 oe 28.9 68.6 L9ezZ 606i epi 5 
12 5665 ramen) +. Cirere © 2ave DIe% 23.0 
1:3 OSiao 286% 0505 2520 5725 26005 
14 Tae CS re i bY e 0 2065 57.9 2607 
15 Stes 2S'ec C020 elie 5 fea ote so 
1o 326.0 2325 60.3 Z2oel 5 Tas 2723 
YW 5 Sn ial ag 00.38 27 0% 540 2804 
15 5be2 24e7 STig-3 27.38 S4e7 280% 
rhe, 6326 LSeo * \SG'e9 * Z28az 5425 2523 
20 61.3 cueu 500% 2o a3 SS) aif. 2oe3 
rap 4 5546 2722 Kat ee) 25 a5 5365 23el 
22 26049 Ctec ao ee 2960 546d 23.3 
23 O4e2 7.9 Stree 2965 OS ar 2923 
24 SOs 13.6 S2e5 28.8 a5 92 2965 
ce 60.8 eo eo 53-0 28.9 5306 oe k 
20 62.9 rahe ye Sere’ 28268 3o nod 2840 
rca oDe Oo Zoue 53% 3 EI eo soa 3 23.0 
28 ek 25.9 53.9 239.0 54.6 eeel 
hoe 5D39 Fen Ie Pe 53636 2328 538 2407 
30 5546 28.38 56% c 2545 54 e% 23.0 
31 SGic 28.9 SOs c 20S 0.0 0.9 
MEANS Jtac oe Mi 61.0 24.5 SOeb 25a? 
O3SSVNS. Si 34 29 29 30 30 
MAXIMUM 66.23 29.1 71.3 ee Oa 62049 23545 
MINIMUM 5226 7.9 5245 10.3 ee | 16.1 


STO.DEV. 3-39 5204 De 44 5e2i 22385 32538 


ee 


BAVPLVE PASS 43 52 26 N 123 17 25 W 
CUTOBER NOVEMBER DECEMBER 197 
DATE TEMP SAL vee SAL TEMP SAL 
1 54.5 28.5 B34 23.9 G4 .S 27.0 
2 54.0 Lesy 48.23 2929 H6e1 2828 
3 54e2 2609 430 2504 46.4 2808 
4 5425 230% 48.8 2629 42.8 2329 
= 54.0 2420 43.23 29.0 4326 24eo% 
6 5326 26.5 4806 2628 4608 2848 
7 54e2 26.2 48.5 2326 4523 2426 
8 Oo S65 2528 48.1 2746 43.5 26009 
3 520k 2403 4306 28.9 43.35 27.8 
10 5302 281 43.3 252% 4602 28038 
11 53-0 27e1 45.8 3022 472 2509 
Lie 51.8 29.0 4804 2466 4oe+ 29-5 
13 53.20 2649 43el 30.2 4601 233 
1% 5266 2668 45.0 30.6 47.0 29.3 
15 5265 27 8 47.9 30.3 4oe% 2308 
1b 5202 250% 47 e2 2923 45.1 2067 
16 5201 2800 4003 27.3 4a.7 2635 
13 51.6 28.9 4325 26.7 45.3 2761 
20 5006 2502 4.7 2526 439 27e1 
21 51.3 29.9 44 6 9 23.0 405 15.6 
ce 50.9 26.8 4H e2 2Ces 43.1 22el 
23 S1iel 2923 43ei ef aid 42e2 2355 
24 500% 30-2 Hoel 2764 4263 2509 
25 501 2928 45.5 27.24% 42.0 23509 
26 . 5023 30.3 &Oel Chios 40.5 Cesc 
et, 500% 2948 4505 276% 412I 2303 
id. 50.3 3020 Woe S 28.8 Gied 24.7 
ea 438 30.2 4603 23.8 42.3 26038 
30 48.8 300% 4405 Cle7 41.26 2del 
31 4823 $0.2 0.9 0.9 42.3 2aee 
MEANS 51.9 27.7 4629 23.4% 44 oJ 26459 
OBSVNSe $i 31 30 30 Si S1 
YRLY oe MEANS cc cece cc erceerercsensee reser eresoesoesevseves Soa 27.0 
MAXIMUM 54% 05D 302% Ie 30.6 47.2 re i 
MINIMUM 46e3 L66f 43el 230% 40.25 13.6 


STO.OEV. 1.77 re le 1.69 1.50 2.09 2003 
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Annual Graphs of the 7-day 
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Abstract 


The effects of storage on the nutrients, reactive silicate, nitrate 
plus nitrite and soluble inorganic reactive orthophosphate are examined. 
Four large master samples were collected in a variety of coastal and 
estuarine waters. Subsampling was performed in such a manner to allow the 
investigation of the effects of filtering, quick freezing, normal freezing 
and length of storage time, as well as to enable a multi-replicate on-board 
determination of each nutrient. In addition, the optimum thaw times for each 
nutrient at all storage intervals were identified. The data and their stat- 
istical treatment (analysis of variance) are presented following descriptions 
of sampling procedure and analytical methodology. 
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Abbreviations 


Factor A; Filtering - Fart 
Analysis of Variance 

Factor B; Freezing — R, Q 

Factor C; Time — 2w, In, 2m, Sm, ly 
Factor D; Sample 1, 2, 3, 4, 
Degrees of freedom 

Filtered 

Samples determined on-board 
Alternate hypothesis 

Null hypothesis 

Number of samples in a data set 
Not filtered 

Nitrate 

Phosphate 

Quick frozen OOF Ethanol bath) 
Regularly frozen (-10° Chest freezer) 
Standard deviation 

Salinity (parts per thousand) 
Siticate 

Temperature centigrade 

Time between sample thaw and analysis 
Sample mean 

month 

year 

months 

weeks 

months 

Master sample number 

Significant (95%) 

Highly significant (99%) 

Level of significance 
Population standard deviation 
Summation 

CHI-square statistic 
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Introduction 


Among the tools of the oceanographer, the measurement of nutrients 
must be ranked near the top since it interfaces physical, chemical and 
biological processes. Routine on-board determination of nitrate, 
silicate and phosphate* is possible today using automated techniques and is 
of considerable advantage because it allows immediate feedback into the 
sampling programme and obviates the need for storage, which is a frequent 
cause of sample deterioration. However, it is not always possible to run 
on-board determinations for a variety of reasons; rough weather, instrument 
failure, insufficient space or scale of programme, to name a few. In such 
instances storage is required and many diverse methods are recommended. In 
conjunction with filtering, quick freezing, freezing or cooling to 4°C some 
examples of these methods are addition of HgCl2, (Jenkins, 1968) or CHC13 
(Gilmartin, 1964) for phosphate, H7S0, for silicate (Grasshoff, 1976) and 
HgCl»y or H2S0, (Howe and Holley, 1969) for nitrate. 


Adding preservatives during sampling significantly complicates the 
process, particularly if different preservatives are required for each 
nutrient. Also, the addition of a foreign material can contaminate not 
only the sample in question but other samples. Cross-contamination of samples 
destined for mercury analysis is possible if HgClz is used as a preservative 
for several hundred nutrient samples even when stringent precautions are 
observed. For a number of years, we have preserved nutrient samples simply 
by freezing. As long as the tubes were not overfilled before being frozen 
in an upright position, valid nutrient analysis on the thawed samples 
appeared possible. Because the representativeness of these frozen samples 
had not been adequately considered, a programme was designed to investigate 
freezing as a technique of storage. 


Experimental Design 


Organization 


We wished to examine the effect of storage, specifically by freezing, on 
the nutrients nitrate, silicate and phosphate. In addition to this basic 
theme we wanted to obtain information on other factors which might affect this 
storage technique such as filtering, length of time in the frozen state and 
the effect of quick freezing (-20°C, fluid bath) as opposed to regular 
freezing (-10°C in air). As this project entailed the handling of a large 
number of samples both physically and computationally, we realized before 
the study that an effective and simple coding system would be required. 
Because analysis of variance was to be applied to the data, the coding was 
established accordingly. Listed below are the factors which have been 
considered and the notation which has been used throughout the experiment and 
in this report when referring to the data. 


* Nitrate refers to the concentration of nitrate plus nitrite ions, 
silicate to the concentration of soluble reactive silicate ions and phosphate 
to the concentration of soluble reactive inorganic orthophosphate ions. 


factor A= Filtering (¥, NE); 2 Levels 


Fach water sample obtained was immediately split and one half was 
filtered through a 0.45 u membrane filter. The two levels of this factor 
have been designated as F (Filtered) and NF (Not Filtered). 


Pactor B - Freezing (Q, K)? “2 Levels 


The effect of freezing technique was investigated by using two processes: 
samples were either quick frozen in an ethanol bath at —-20°C (Q) or frozen in 
in a normal chest freezer at about -10°C (R). In the tables the letter G 
has been used to designate subsamples which were analyzed immediately on- 
board (unfrozen) and these form the control data set. 


Factor C - Storage Time (2w, lm, 2m, Sn, ly): 5 Levels 


At five intervals: 2 weeks (2w); 1 month (Im); 2 months (2m); 5 months 
(5m); and 1 year (ly) appropriate numbers of samples were thawed and reactive 
nutrient determinations were performed in the shore based laboratory. 


Paetor Dy @ samp) elon Sn ae eee Levels 


Four separate water samples were obtained and the oceanographic data for 
each is summarized in Table 25. The number four was based strictly on the 
resources and time which we could afford to commit to this project, and the 
number of individual determinations required to adequately study each sample. 


Subsamples have been coded according to the following scheme: 
Factor D/Factor A/Factor B 


For example the designation 1/NF/Q refers to a subsample drawn from 
sample 1, was not filtered and was quick frozen. Similarly, 3/F/R 
refers to a subsample of sample 3 which was subjected to filtering and then 
frozen in the chest freezer. From the large grouping of stored subsamples 
labelled in this fashion, samples were selected at random and analyzed 
at various time intervals. Data obtained in this manner are further class- 
ified according to the abbreviations given in factor “Ce. 


Shipboard Procedure 


All four master samples were collected during a single cruise (0C-78-IS- 
002) on the CSS Parizeau in March 1978. The sampling region included the 
Fraser River estuary and Georgia Strait. Station locations are provided in 
Table 25. We attempted to gather water samples with a variety OL Characles— 
istics (deep, shallow, high particulate, low particulate) in conjunction with 
a variety of salinities. A refractive salinometer was used to estimate 
salinity and ensure that the samples collected encompassed a range of 
salinities. 


For each master sample a large volume of water was captured in a 30 L 
PVC Niskin sampler. Subsamples for dissolved oxygen, salinity and particle 


size distribution were first removed. The water was then split into four 
containers, two 4 L glass and two 4 L polyethylene carboys, one of each 

type for the unfiltered samples, the others designated for filtering. The 
glass carboys were used for samples destined for nitrate and phosphate 
determinations while the polyethylene was reserved for silicate determinations. 
Uniform mixing in the containers was assured by a magnetic stirrer and teflon- 
coated stirring bar. Samples were mixed continuously while water was siphoned 
into appropriate 15 mL test tubes (glass or polystyrene). Each tube and screw 
cap was rinsed twice before being filled to approximately the two-thirds 

mark. Th2 organization scheme and numbers of tubes filled are given in 

Figure 1. From each carboy 166 tubes were filled, of these 40 were analyzed 
on-board, 35 were quick frozen at -—20°C in an ethanol bath and 91 were frozen 
at -10°C in a chest freezer. All tubes were frozen in an upright position 
before being placed into zip-lock bags and labelled according to the afore- 
mentioned code. All of the zip-lock bags were collected together, placed in 

a large derk green polyethylene bag and stored in a chest freezer until 
needed. Colour coding was also employed to minimize the possibility of 

error during the rather hectic period when tubes were being rapidly filled 

and frozen. 


While the unfiltered subsamples were being siphoned and frozen, the 
contents of the other two carboys were being vacuum filtered through a 
Millipore stainless steel apparatus. The filters (Millipore 0.45 u membrane 
composed cf mixed esters of cellulose acetate/nitrate) were washed with 300 
to 500 mL of sample water prior to filtration into a 4 L glass receiving 
flask. On completion of filtering the sample was mixed continuously while 
subsamples were siphoned off and frozen as outlined above. Subsampling was 
not undertaken in any particular pattern, subsamples for Q or R treatments 
‘or for on-board determination were processed as they became available. The 
entire procedure took place in the ship's laboratory under fluorescent lights 
and special care was taken to exclude direct sunlight. The whole process of 
filtering, subsampling and freezing took from 1-2 hours to complete. 


This procedure was repeated for each of the four master samples. Ship- 
board sample determinations were performed in the following order: 20 un- 
filtered, 20 filtered, 20 unfiltered and finally 20 filtered. By the time the 
last sample was determined by the AutoAnalyzer, the samples in the chest 
freezer were already frozen. Since Sample 4 was heavily laden with particulates 
(Fraser River water) filtering took an inordinately long time. For this sample, 
therefore, all on-board determinations were completed for the unfiltered samples 
before filtered ones became available. To give an idea of the times involved 
in the various steps the time tables for the four samples are given below. 


Sample 1 28/3/78 (20 m, 29.34 °/o00) 
00:00 sample taken 

00:18 water in lab 

00:59 NF-glass into freezer 

01:20 NF-plastic into freezer 

OLe25 NF-into AutoAnalyzer 

02:10 F-glass into freezer 

02:50 F-plastic into freezer 


02:50 F-into AutoAnalyzer 
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Sample 2 29/3/78 (Im, 28.81 °/oo0) 
00:00 sample taken 

00275 water in lab 

00:25 NF~into AutoAnalyzer 

00:50 NF-plastic into freezer 

00:55 NF-glass into freezer 

01750 F-into AutoAnalyzer 

02350 F-plastic and glass into freezer 
Sample 3 29/3/78 (300 m, 30.77 °/oo) 
00:00 sample taken 

00:15 water in lab 

DOs 5 NF-into AutoAnalyzer 

O221L0 all samples in freezer 

Sample 4 30/3/79 (0 m, 1.05 °/o0) 
00:00 sample taken 

00:17 water in lab 

00:54 NF-into AutoAnalyzer 

02:04 F-into AutoAnalyzer 

04:04 all sub samples frozen 


All glass and plasticware used during this experiment were cleaned by 
soaking in a 1N HCl for at least two hours. This was followed by three 
rinses with either glass distilled water in the case of the glassware or Milli- 
Q water for the plasticware prior to being inverted and allowed to air dry. 


Shore Laboratory Procedure 


The experiment was designed to collect sufficient water to conduct a 
storage test of ayear'sduration. At each time interval, (2 weeks, 1 month, 
2 months, 5 months, 1 year), nine tubes from each group, filtered and not 
filtered, glass and plastic for each of the four master samples were taken 
randomly from the freezer, - a total of 720 tubes. The tubes were then 
grouped, one glass and one plastic, 1/F, 1/NF, 2/F ... 4/NF to be thawed and 
analyzed at specific thaw times. The thaw times chosen were 0, 0.5, 1, 2, 
Peet Ose LO and 124: hours. 


Each group of frozen samples was placed in a rack and thawed at room 
temperature in front of an air fan. Immediately upon thawing the tubes were 
inverted and shaken to homogenize the liquid. This is an important step 
because during freezing, brine differentiates from the ice and during thawing 
the salt depleted ice floats thus creating salinity and nutrient gradients 
in the tube. In the process of being analyzed at appropriate thaw times the 
samples were placed on the laboratory bench top under fluorescent lights at 
ambient temperature. A few of the test tubes were placed in a cupboard from 
which light was excluded in order to determine the influence of ambient 
light on samples during thawing. All samples were shaken prior to transfer 
to the glass and plastic sample cups. There were eight samples to a group 
and as each sample/wash cycle took three minutes, each group required a total 
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of 24 minutes for analysis. All sample groups were ordered in the same 
manner on the sampling tray proceeding as LiPo INE, 2 es GNF. 


Calibration was performed with standards prepared in a 5002 °/oo NaCl 
solution by Sagami Chemical Research Center, Japan. Standards were run at 
the beginning, middle and end of each day. The following day the data was 
reduced and compared to the on-board data in order to determine the optimum 
thaw time for each nutrient based on the closeness of agreement of stored 
samples with those determined on-board. On the following day five replicate 
determinations were performed for each of the groups 1/F/Q, 1/F/R, 1/NF/Q, 
_.. 4/NF/R at the predetermined optimum thaw time. 


Analytical Techniques 


Nutrient determinations were performed using Technicon AutoAnalyzer II 
components; sampler IV, pump TI, 3 colorimeters and heating bath with a 
plexiglass table designed to hold the various mixing coils and connectors 
required for the analytical procedure. Output from the colorimeters was 
read on two Technicon strip chart recorders. The sampler was modified to 
take two probes so that glass and plastic sampling cups could be simultan- 
eously sampled, thereby reducing the time required for analysis. Based on 
information available in the literature (Grasshoff, 1976; Hassenteufel et al., 
1963; Mullin and Riley, 1955) phospate and nitrate were stored in glass and 
silicate was stored in plastic. 


Soluble silicates were determined by the Technicon Industrial Method 
No. 186-72W. Both silicate and silicic acid in seawater react with an acid 
molybdate solution to form two isomers of 1,12 molybdosilicic acid. Control. 
of both the pH and the acid/molybdate ratio allows the B-isomer to be select-— 
ively formed. The 8-isomer is then reduced by ascorbic acid and this reduced 
complex exhibits a "molybdenum blue" color. Oxalic acid was introduced to 
prevent interference from orthophosphate ions. Measurement of the "molybdenum 
blue" complex was performed at 660 nm in a colorimeter with a silicon photo- 
tube. Quartz mixing coils were used to prevent contamination by borosilicate 
glass. Because there is a salt error when seawater samples are analyzed 
according to this method, standards were prepared in 30.5 S/oo NaCl. 


Soluble orthophosphate was measured by using a modified Technicon method 
(Brynjolfson, 1973). Phosphate in seawater reacts with an acidic solution 
of ammonium molybdate and potassium antimonyl tartrate to form 1,12 moly- 
bdophosphoric acid. The acid/molybdate ratio is controlled to favour the 
8-isomer and to prevent hydrolysis of labile organophosphates. Antimony 
reduces the possibility of hydrolysis and catalyzes the formation of the 
coloured product. The 8-molybdophosphoric acid is reduced by ascorbic acid 
to yield a phospho-molybdenum blue complex. The reagents are combined through 
a fitting before introduction to the seawater sample as the mixed reagent is 
not stable. The rate of complex formation is increased by passing the sample 
stream through a 37.5°C heating bath. This complex was measured at 880 nm in 
a colorimeter with a silicon phototube. Although there is not an appreciable 
salt effect with this method (<1%) the Sagami standards prepared in 30.5°/o00 
NaCl solution were used for standardization. 
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Technicon Industrial Method No. 158-71W was used for the determination 
of nitrate plus nitrite. Seawater was added to a solution of ammonium 
chloride at a pH of 8.5 and then passed through a copperized cadmium column 
to reduce the nitrate to nitrite. Ammonium chloride buffers the solution 
to prevent further reduction of the nitrite and also complexes any oxidized 
cadmium. The nitrite is then determined by a modified Griess-Ilosvay proce- 
dure. Nitrite was combined with a mixed color reagent comprising sulfanil- 
amide, phosphoric acid and N-l-naphthylethylenediamine dihydrochloride. The 
nitrite reacts with the acidic sulfanilamide to form a diazo compound which 
couples with the diamine to form a reddish-purple azo dye. The intensity 
of the dye was measured at 550 nm in a colorimeter with a selenium photo- 
tube. Sagami nitrate standards prepared in a 30.5% NaCl solution were 
used for calibration as there is a slight salt effect with this method. 


Oxygen was determined by the Micro-Winkler technique (Carpenter, 1965) 
in accordance with the procedure outlined in the Ocean Chemistry Division 
reference manual with an accuracy of +0.02 mL ie ke 


Salinities were determined after the cruise with an Autolab inductive 
salinometer with duplicate determinations being within +0.003 °/oo. The 
accuracy of the salinity determination is +0.02 °/oo. 


Particulate analysis was performed immediately on a TA II Coulter Counter 
with a 200 u aperture. 


Statistical Treatment of the Data 
Data Ordering 


For each of the four master samples the data have been catalogued 
according to nutrient species (nitrate, phosphate and silicate) and then 
according to filtering treatment (F, NF). Tables 1-24 are organized according 
to this plan and a guide at the front of the tables sets out the data group- 
ings. The data are tabulated on right and left hand pages to facilitate 
comparison of filtered and not filtered results respectively. This form of 
presentation displays all of the data for a single nutrient and master sample 
on a two page spread. Additionally this format is logical in terms of the 
factors used in the analysis of variance subsequently applied to the results. 


In each table the lower right hand section contains the basic cells 
(5 replicates) for two factors; storage time (2w, lm, 2m, 5m, ly) and freezing 
(Q,R). Comparison with the corresponding cross-page cell gives the third 
factor; filtering (F, NF). A four factor approach can be made by considering 
the 3 subsequent 2 page spreads for samples 2, 3 and 4. 


Raw data from Tables 1-24 are summarized as averages (X) and standard 
deviations (s) for nitrate,phosphate and silicate in Tables N-1, P-l, and 
Si-l respectively. 


Rejection Criteria 


Since wild or "maverick" data points can dominate a statistical treat- 
ment these were deleted according to Chauvenet's criterion. A value was 
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rejected only when the probability of observing it in a group of n replicates 
was not greater than 1/2 n. Critical values for this procedure were obtained 
from Overman & Clark (1960), and Table 26 displays the number of rejections 
with respect to storage time, freezing method and filtering for all three 
nutrients. Numerous on-board replications inspired confidence in the 
appropriateness of this technique. It is recognized that in routine sampling 
where there are neither large numbers of stored replicates nor good on-board 
determinations, this procedure is not possible. In order to maintain an 
equal number of replicates in all cells, rejected values were replaced by 
values taken from the preliminary thaw time investigation. 


Procedure (Parametric versus Non-parametric) 


In analysis of variance, two statistical techniques are available - 
parametric and non-parametric. The use of a parametric statistical treatment 
assumes that data exhibit homogeneity of variance (homoscedasticity) and a 
normal distribution and tests exist to verify these assumptions. Both 
techniques were considered for their applicability to the frozen data set 
and the on-board control data set in this study. The frozen data set was 
tested for homogeneity of variance using Bartlett's test (Bartlett, 1937) 
and the results are reported in Table 27. In all cases the null hypothesis 
CHES CGF = Oy = On e+e O ) was rejected at the 99% confidence level. Because 
the variances in Phis data set were non-homogeneous non-parametric tests on 
hypotheses concerning the stored samples were employed. The normal distri- 
bution of the on-board control data set was tested by applying the 
goodness-of-fit test when sufficient replicates permitted. At the 95% con- 
fidence level the null hypothesis (Hj: the sample came from a normal 
population) could not be rejected. Thus, the on-board control data set 
followed a normal distribution. Because the variances were better behaved, 
standard t-tests were used in comparing data sets compiled from on-board 
determinations on the basis that the standard t-test is not seriously affected 
by moderate deviations in normal distribution and homogeneity of variance 
(Zar, 1974). The two-tailed paired-sample t-test was employed for comparison 
of samples thawed in the dark or under fluorescent laboratory light. This 
t-test is sufficiently robust to allow considerable departures from underlying 
assumptions especially when sample sizes are equal and two-tailed hypotheses 
are used (Boneau, 1960). 


Statistical vests 


Each master sample was divided into two control sets (see Figure 2) - 
one for filtered and one for not filtered subsamples - and a series of 
replicated storage sets. Because the on-board determinations were not frozen, 
this data set was not included in the analysis of variance when applied to 
the method of freezing. 


Storage data for each nutrient was subjected to a four-way non-parametric 
analysis of variance (Wilson, 1956) the factors (respective levels noted in 
parenthesis) were: Factor A, filtering (F, NF); Factor B, freezing (Q,R); 
Factor C, storage (2w, Im, 2m, 5m, ly); and Factor.D, sample (1,)/2,°3, 4). 
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The results of this preliminary analysis are reported in Tables N-2,P-2 
and Si-2 for nitrate, phosphate and silicate respectively. In virtually all 
cases the variability in the data was overwhelmingly attributable to Factor D 
(sample), and any secondary effects related to Factor A (filtering) or Factor 
B (freezing) were indiscernable. In order to obtain additional information 
concerning the origin of variability in a given sample, a three-way non- 
parametric analysis of variance on each sample was performed. The factors 
and respective levels were: Factor A, filtering (F,NF); Factor B, freezing 
(Q,R); and Factor C, storage (2w, Im, 2m, 5m, ly). Results of the three-way 
non-parametric analysis of variance are summarized in Tables N-3, P-3 and 
Si-3. Significant interactions indicated by these results were investigated 
by plotting and are illustrated opposite the Tables. 


Once it was established whether significant differences originated from 
freezing technique, filtering, or time of storage, comparisons between the 
10 stored data groups (R,Q: 2w, Im, 2m, 5m, ly) and the appropriate control 
group could now be undertaken. In this respect, difficulty was encountered 
because the first group of duplicates was often significantly different from 
the second group determined approximately one hour later. (Table 28 lists 
the results of t-tests demonstrating that the second group of determinations 
was in some cases significantly higher and, in other cases significantly 
lower than the first group.) This variability might be explained by either 
genuine changes in the sample (growth of bacteria, lysing of cells or desorp- 
tion from the walls, to cite a few possibilities) or by instrument ay Lit. 
Because the direction of change followed no obvious pattern, it was concluded 
that the cause of variability originated with instrument drift. Accordingly, 
the first set of samples was used as the control group on the basis of 
researcher confidence in their representativeness of the original samples. 
The control group was compared to the stored sample data using a non-para~— 
metric one-way analysis of variance and the results from this test appear 
in Tables N-4, P-4 and Si-4 for the respective nutrients. If the results of 
the comparison indicate the null hypothesis (Hp: all means come from the same 
population) is rejected, as was the case for all three nutrients, examination 
of where differences occur may be made by applying a non—parametric ranking 
comparison of the storage data~sets to the control group (on-board deter- 
minations). This was performed using the method of Wilcoxon & Wilcox (1964) 
and results of this procedure are outlined for the respective nutrients in 
Tables N-5, P-5 and Si-5. 


During the preliminary testing to determine the optimum thaw time when 
samples should be analyzed, some tubes were stored in the dark while others 
were left exposed to ambient laboratory jighting conditions (fluorescent 
lighting). For each nutrient a two-tailed paired-sample t-test was performed 
(Zar, 1974) and the results are given in Tables N-6, P-6 and Si-6. 


A second question also addressed in Tables N-6, P-6, and Si-6 was 
whether or not quick freezing or regular freezing improved the precision 
(sample variance) during sample determination. This was also tested by the 
two-tailed paired-sample t-test. 


Finally, a comparison between filtered and not filtered on-board deter- 
minations was performed using the standard students t-test since sample pop- 
ulations approach normality and variances are homogeneous. The results of 
the t-tests are summarized for all three nutrients in Table 29. 
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Raw data for nitrate determinations 

Raw data for phosphate determinations 

Raw data for silicate determinations 

Summary of all X + s for the respective nutrients 


Wilson's non-parametric ANOVA (4-way) results for the 
respective nutrients 


Wilson's non-parametric ANOVA (3-way) results for the 
respective nutrients 


Wilsons non-parametric ANOVA (l-way) comparing on- 
board and stored data for the respective nutrients 


Non-parametric comparison of the control with the 
stored data groups for the respective nutrients 


a) Two-tailed paired-sample t-test comparing light 
and dark for the respective nutrients 


b) Two-tailed paired-sample t-test comparing S 
and Sp for the respective nutrients 


Q 
Oceanographic data for the four master samples 
Rejection of data based on Chauvenet's criterion 


Bartlett's test for homogeneity of variances 


Comparison of the first set of on-board determina- 
tions with the second set 


Comparison of filtered and not filtered on-board 
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On-board analysis 
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a function of storage time and thaw time. 


* denotes thawing in the dark 


Analysis Date 


t = time between thawing and analysis 


Replicate (generally 5) sample analysis 


carried out at the optimum thaw time 
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Replicate (generally 5) analysis carried 
# Master sample number (1,2,3,4) 
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TABLE 1 
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TABLE 4 


25/4/78 
2/F/R 


PA Vey ae 
250/24. 


28/4/78 


a aD 
24.6 
24.7 
24.7 
2a SZ 


24.8 


2/F/Q 
24.7 
24.7 
24.7 
2a 47 
LSP 


he 


8% 
. 8% 
DT O27. 


ate 
“ 


Ox 
Ds 


#2 


2 months 


25/5/78 
2/F/R 


Pe 
Z'. 
24. 
Zale 
ji ¢ 
vas 
24. 


OO. Con i NOS Ca Oe CO 


26/5/78 


= 0 
24.8 
Lie 
24.9 
24.9 
24.8 


2/F/Q 
ay 
24.7 
24.8 
24.9 
24.8 


5 months 
5/9/78 
2/F/R 


ine) 
uo 
Ute OO eS a ate aun OO 


2H: 
24. 
24. 
24. 
24. 


(one fooe SS fen te 


2/F/Q 
24.8 
24.6 
24.8 
24.4 
25.0 


1 year 
25/4/79 
2/F/R 


N 
Wn 
Gos. Ole, Gi ON. 2 SOn NS 


24 


TABLE 5 


NITRATE (UNFILTHRED) #3 
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No Storage t 2 weeks 1 month 2 months 5 months 1 year 
29/3/78 thaw 13/4/78 25/4/78 25/5/78 5/9/78 25/4/79 
3/NE/G time 3/NF/R 3/NF/R 3/NE/R 3/NF/R 3/NF/R 
(hours) 
29.0 29.4 0.0 26.9 28.2 29.0 De 3 28.3 
90 "2076+. te 29.0 26.6 2572 28.8 25.7 
pos0 2967 1.0 28.8 29.2/30.2* 28.9 eG 28.8 
28.9 29.6 2.0 28.6 29.1/29.0% 28.9 27.0 25.0 
90°20 29.6 4.0 09.8/28.2% '28.1/28.9% 29.1 28. 3t O55 
20 1 196. G 6.0 28.9/28.8% ~ 28.9 2001 27.4 
ABs amy 22 7.0 - - 29.1 - - 
29.0 29.6 8.0 - - - 28.9 28.8 
29.0 29.6 9.0 28.8 - “ . - 
oA Ne: eae Be phe 2 29.6 - - ~ - 
29.1 20.6. Heo - 96.9120 is" 28.8 28.1 28.9 
29,1" 29m 2a 98 Afe7 OF 26.4) 2d de 29.2 O05 ei 28.9 
20" 20 5  2g30 - 28.3 = _ ~ 
29.9 DDLS 
29:2 20:26 17/4/78 28/4/78 26/5/78 8/9/78 1/5/12 
29.9. 29.5 t= 0.5 t = 1.0 t = 0.0 t = 0.5 t = 1.0 
29.2 DIS 28.8 28 27.7 27 28.7 
29.5 20.5 28.9 D7 29 28.8 28.6 26.4 
29 1° 7 29.45 28.7 28.6 2305 25.5 28.7 
20 bail an We 28 45 28 5 WEN 28.7 28.4 
28 Ah 28.8 28.7 27 8 28.4 
3/NE/Q 3/NF/Q 3/NF/Q 3/NF/Q 3/NF/Q 
28.9 28.7 267 oh aie 28.6 
28.8 28.5 28.8 28.6 28.7 
29.1 27.6 28.8 28.6 28.6 
29.0 29.0 28.8 28.5 29.5 
28.9 28.6 28.8 28.0 28.8 
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TABLE 6 
NITRATE (FILTERED) #3 
ug at eee 
1 month 2 months 
25/4/78 25/5/78 
3/F/R 3/F/R 
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28.6 28 57 
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TABLE 7 


NITRATE (UNFILTERED) #4 


Hg fatenaLy 
No Storage t 2 weeks 1 month 2 months 5 months 1 year 
30/3/78 thaw 13/4/78 25/4/78 25/5/78 5/9/78 25/4/79 
4/NF/G time 4/NF/R 4/NF/R 4/NF/R 4/NF/R 4/NF/R 
(hours) 
Possedtiss 0.0 i ay 11.4 10.4 11.4 11.5 
tigteelt. 3 0.5 sig by Ties Tine 11.4 11.4 
[ipsaglt4 1.0 {te 7 DLGS/U1.6* 17.6 11.4 1124 
Tigsaeliss 2.0 i hae SUNS (OL. 7* Lie 10.8 1151 
lionel). 3 4.0 TT. 6L1 246% 45 BLE TO. 42x C1 085 1B-2T 11.4 
ion lS 6.0 11.6f1220* lle “CLES itsé 9.5 
Les, Py puaw - - 10.5 - - 
Lieaelien 8.0 - - ~ 11.5 1193 
hy aes Ua 9.0 ha ba - - ~ - 
VPs WS ee) iby beg, - - - - 
LLitpel tio. rane - Viey.PE.5* 11.6 LB4 11.8 
LUG wells 240 11. 6/L 6% ee SY Ia 5* * CLS iPs3 LLP 
ji A ala pe ao st ~- i Pee - - - 
eke SD 
15 a ee a 17/4/78 28/4/78 26/5/78 8/9/78 1/5/79 
Lita, ale t =.0.0 te =) 0a 5 t = (005 t = 1.0 t = P20 
11 elle 11.4 Lik 11.5 135 11% 
Lie Bates 11:3 i ee 11.5 10.4 Lies 
i ee 11.4 Tee 11.5 ties 10.6 
11> adl:5 [a ee ? Phe 11.5 ily Ses iG i 
11.8 oa lA 9.3 1077 11.5 13/26 Tiss 
bs A es 
i gs ab BAG 4/NF/Q 4/NF/Q 4/NF/Q 4/NF/Q 4/NF/Q 
1 Oe aes He tt.4 ‘le £331 10.7 Tes 
se leas pees hoe" TP. 4 wpe: 250 14.8 11.6 
11.3 11.4 a a: 11.1 i ey 17:2 
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TABLE. 9 
PHOSPHATE. CUNETLEERED) #1 
ug ats oe! 
L month 2 months 
25/4/78 25/5/78 
1/NF/R 1/NF/R 
Za30 Zea 
- 2.44 
2% 36 Ze 
CRSP P2031" <an43 
249 /2..41%" 92.49 
2e4D 2.44 
= Bato 
2495 f2440*% (2552 
2.39/2.37*% 2.44 
2 «Al - 
28/4/78 26/5/78 
te=00.0 t=N0 20 
heat 2230 
(ey. 2535 
ae 2.236 
nen 227 
Z«13 2239 
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TABLE 11 


PHOSPHATE SE A #2 


Me ac (OL 
2 weeks 1 month 2 months 5 months 1 year 
29/3/78 thaw 13/4/78 25/4/78 257 5778 5/9/78 25/4/79 
2/NF/G time 2/NF/R 2/NF/R 2/NF/R 2/NF/R 2/NF/R 
ae ER eS 0.0 1.89 2 AS 2.28 £522 221 
2.07 32,26 0.5 2.22 2.14 o,81 2.09 224 
2.26 -30.47 1.0 2.19 2.2 Deak ~ 2.30 
226-4225 2.0 ya OeD5 72858" 280 2.29 2.19 
2.26.2), 24 4.0 7 MD POTEGR Ae 2T 72221" 8 S526 1.97+ ie © 
286 42,25 6.0 PDE FS. 2.26 2225 2720 2:28 
S067 24 720 - - 2.86 - - 
2993 52.25 8.0 - - - 2325 2.26 
2:05" 228 9.0 2, 31 - - - - 
926 tea UE 2622 ~ - - - 
2, 96.42.05: “1880 ~ DO26/2 O2G* 2624 2.14 2.00 
Feo 95 2aaO D926 PROD2F MOLD SI Dab * 28d 1.88 2510 
226 r sree... 2920 - 2.20 - - - 
528 225 
PORE 25 
i252. 25 
PETG. 2 
23992925 
2 Dene 220 
2.25 


17/4/78 28/4/78 - 26/5/78 8/9/78 1/5/79 


t'=-0.5 t = 2.0 t = 0.0 t = 0.0 "ES One 
eek? Bae 2<19 Z2<09 ZeO3 
Zeke Ze kS Beev £030 2209 
2420 ZAS Bel? 2.34 Bice 
2:19 Pee MS. Z<19 2 UF Z«l9 
228 ey a Zeae £96 Fe62 
2/NF/Q 2/NF/Q 2/NF/Q 2/NF/Q 2/NF/Q 
Bead Zeks ay A | 2.00 Zed 
g<23 2.23 Zu20 2.04 2.28 
Ze2d Leek Zeke bel Aces 
Zean Leow eae EsoP Zeke 
Zoe Zaks 2:24 Zur 2£¢29 
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TABLE 12 
PHOSPHATE (FILTERED) #2 
Ugeat,, LoL 
No Storage 3 2 weeks 1 month 2 months 5 months 1 year 
29/3/78 thaw 13/4/78 25/4/78 25/5/78 5/9/78 25/4/79 
2/F/ G time 27 STR 2/F/R 2/F/R 2/F/R 2/F/R 
(hours) 

Pren.k2.23 0.0 2.23 2.06 Deh 2226 1.91 
He OM eae 0.5 Fee cele 2.06 2.23 1.91 
ppp i eee py Al 1.0 2.19 2620 27283 ZOYS 2.98 
2.88.82. 24 2.0 2.19 ZELSHZE35* #2 OF 2007 1.94 
Drei eee .20 4.0 SAD GI® DOZER 2 SGA Oe? 35 200ar 1.97 
gee 2.2. 6.0 2 Tekees0* “2.26 ep 2.24 ae 
pap yee ee 7.0 - ~ pea - ~ 
22062525 8.0 - - - 2025 1.68 
23222223 9.0 pia: A £ ve 
TAB S222. “TZZ0 Vp = - - - 
Dee ehe23: 1850 - ZUIBP 25208 G2 24 2021 2.05 
Deo 2.15) “24.0 2. 26/2e18* | “2/29 f2520% *2.07 2012 1.84 
Quo E2.as 29,0 . 2528 - - ~ 
2526\52,25 
Aue? 22.23 17/4/78 28/4/78 26/5/78 8/9/78 1/5/79 
2.22 £2.24 t = 025 t = 2,0 t = 0.0 e = "0.5 t = 1.0 
Daal 22 2.24 2.16 2720 2.19 2.04 
2.08 .82.25 2.20 21% 1.70 25 2.05 
Deees. 24 222 DTG PAY) vAgiNs 2.06 
P22 282.24 ehh 2 19 2276 227 256 
2.24 Doe DeAd 220 2200 1.93 

2/F/® 2/F/Q 2/F/Q 2/F/Q 2/F/Q 

page: 2.19 20D 2.34 2205 

222 2.19 TG 2284 232 

Zel2 2.19 2.26 2.06 D7) 

Zale 2.19 Deak sane 229 

real 2.19 5 234 2074 
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TABLE 13 
PHOSPHATE (UNFILTERED) #3 
ye vat! ye 
No Storage E 2 weeks 1 month 2 months 5 months L year 
29/3/78 thaw 13/4/78 25/4/78 25/5/78 5/9/78 25/4/79 
3/NF/G time 3/NF/R 3/NF/R 3/NF/R 3/NF/R 3/NF/R 
(hours) 
P89 2-85-00 2.78 2.69 2.76 2.69 2.62 
pet Peas: 0.5 2.78 pay, 2.65 2.66 2.58 
280. $2581 1.0 252 oT 2.79 2.64 2.92 
2.80. 02.83 270 2.78 2-68/2876% 2,82 2062 2.57 
2GN. 12-83 4.0 DOCG T25MO RL SGT P2573" 2575 207 2.88 
62.42.68 6.0 OP hs | Pe es a ea Ee 2072 2258 
D8). VBS 7.0 - - PRO ~ - 
O65~ 200 8.0 - - - 2013 2.76 
9G T2083 9.0 2.86 - ~ - - 
ORS. 2G. Ed) 2.79 ~ - ~ - 
DRY = Oye2 Meno - 2. 76/2. 78% 2.88 2043 2.86 
DP B43. E282 Zero D TTR O6 FPG ae 28035* “2.32 2072 2.85 
> Oh, P82, 2950 ~ 2.69 - ~ - 
1g hte Pes 
ReL | eeare7 17/4/78 28/4/78 26/5/78 8/9/78 1/5/79 
DEA 6282 t ='0.5 t°=.150 t = 0.0 t/ 25055 t = 1.0 
DESH. F284 2.81 2.64 2068 2.80 2.86 
DAO. S284 2.81 2.66 2.58 2.87 2.67 
OU 252 279 274 2.62 2.64 2.86 
B01 282 297 272 2.68 2.95 2.84 
216 2.69 2.60 2.61 2.8 
3/NF/Q 3/NF/Q 3/NF/Q 3/NF/Q 3/NF/Q 
2.78 2: Al ey a 2/153 2.88 
2.78 275 268 2.91 2.66 
2.79 2.40 DTS 2.91 2.86 
2.80 2 2.80 2.91 ae 
2.79 2.379 2.78 2.188 2.88 
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TABLE 14 
PHOSPHATE (FILTERED) #3 
ug at L 
No Storage 2 weeks 1 month 2 months 5 months 1 year 
29/3/78 thaw 13/4/78 25/4/78 25/5/78 gala & 25/4/79 
3/F/G time 3/F/R 3/F/R 3/F/R 3/F/R 3/F/R 
(hours) 
2000 “2 OU 0.0 2.40 OME AY) VARS 2202 Ze 3D 
Leo. 2605 pie 2.40 Zae 1.98 2.66 aie ts 
Palos km oU LU Zee Zed 2500) yay id Ze92 
Peto 25.00 Ze aioe play i Be Ea? KS A Bipse Mi Phe 
2200 ~ 2.80 4.0 1.97/2.83% Dotti eet 2604 apse hate 
teh ee OU 6.0 DIS 2 Or 2618 aS | Zao BAe. 9) 
aes & a I 319) 7.0 - = 2.80 = = 
pee Ol 8.0 ~ - - held op) bars (a 
2.00) 2.0) 9.0 2600 = - - - 
feO. 2.cahe 17.0 CAD = - _ es 
200, Kea Go Ba @. 7 LiL OED ohGr 2610 PaaS 2265 
2eaU. eel 24.0 Deore hie 2s1OL 2a pom 2500 2263 2.44 
22006 2581 29.0 - Leto - _ a 
Zool 2,81 
2,002.81 17/4/78 28/4/78 26/5/78 8/9/78 lies: 
Zo 2360 Le = OD ee a t = 0.0 = aXe t= 120 
eet 2.00 Pay fel Zaks 2.20 2020 2210 
2e01 2eh0 Pele {61 1596 veo 
Zeud 2073 2.02 2.00 as 
Ve as) FA fe psa fa Led. ZU 
~ 2.83 2.66 Digest ite (pet! 
3/F/Q 3/F/Q 3/F/Q 3/F/Q 3/F/Q 
2.64 ag! 2.68 2.80 2.84 
Zado ape he Za ho Ys 0 peg ER 
2572 2.10 Late Zeal aga 
2200 2.66 2.00 Ve I tho 
iy 8 Ze LA 2200 PRs we 2.08 
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TABLE 15 
PHOSPHATE (UNFILTERED) #4 
Wei at’) Lol 
2 weeks 1 month 2 months 5 months 1 year 
13/4/78 25/4/78 VAT Wi 5/9/78 25/4/79 
4/NF/R 4/NF/R 4/NF/R 4/NF/R 4/NF/R 
ee eee 
ied Wy 0.65 0.81 0.79 Bea? 
070 Oper 0.82 0.79 0.87 
0.70 0.61 0.82 0.80 0.97 
0,65 - /{0.61* 0.79 Oats 0.85 
0.51/0,82* 0. 54/0.65% 0.801 0.96 
0.66/0.42* 0.47 0.74 Our 0.33 

~ - 0.70 ~ - 

- - - Oia a 0.88 
0.66 - - - | ~ 
0.68 - - ~ - 

- 0.58/0.59* 0.85 0.79 0.90 
0.58/0.61* (0.59/0.60* 0.85 0.63 0.89 

- Ovso ~ - - 
17/4/78 28/4/78 26/5/78 8/9/78 1/5429 
= ae) EJ=n0 Lo br. eae170 t =. 0 
0.75 iit 0272 0.74 0.82 
0.69 0.95 OD77 0.87 0.82 
0.60 0.95 err 0.83 0.79 
0.65 0.88 0.87 0.83 ae, 

- 0.88 0.68 0.72 0.78 
4/NF/Q 4/NF/Q 4/NF/Q 4/NF/Q 4/NF/Q 
1.09 1.09 1.03 YU. ieee 
Pele (Neal Bos 1.04 1.06 1.09 
1.07 r03 1.06 1.06 ber 
1.06 1.04 1.07 1.06 1.09 
1.09 1.05 1.06 tne bor 
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TABLE 16 
PHOSPHATE (FILTERED) #4 
wg at L-l 
No Storage t 2 weeks 1 month 2 months 5 months 1 year 
30/3/78 thaw 13/4/78 25/4/78 25/5/78 5/9/78 25/4/79 
4/F/G time 4/F/R 4/F/R 4/F/R 4/F/R 4/F/R 
(hours) 
0. 29800..30 0.0 Oe ate 0.30 Oot 0.36 (30 
UO, 30850 ..30 0.5 0.30 0.30 Us32 0.29 0.29 
02307 10.29 1.0 0.26 0.30 Gea OF 0'. SL 
300 BO. 31 Gat 0.38 = f$O529* 0.34 0729 O29 
OF 20 0c0-30) + 4&0 0. 28/0 233* FC .On31/0228* °50 136 On294 0.238 
O. 31.5 20..30 6.0 On s2408s0* “0.30 0.33 “022 Oe33 
OT s0e 0.29 LQ = = OSS = = 
0520 Ce. 30 8.0 = * OF26 RS IS. 
G230, 0.30 9.30 0.42 - ~ - - 
G30) Us 30 Lis) O23 = = - = 
U. 29 000.31 18.0 . O23/0%30* 0.39 OR29 0.34 
O-o0e 50 24.0 01, 32/0 R28* #8 OK S/O 30% FL0F32 0229 0.34 
Or o0e 05.30 290 = O30 = - = 
O30 0530 
Ge2o\ 10.30 17/4/78 28/4/78 26/5/78 8/9/78. L/ SARS 
29% 0.30 eel Or 8) t = 0.0 10 50 t="05 5 t = 0.0 
QO, oureO.30 O38 1.30 O26 O20 0.36 
0.33, AcO. 28 Ono eG 29 0:30 0.30 
0.31 $0.29 0.34 Once One eo0 Ok 
Gs33 O239 O29 ) Oe 
Oe i 0.28 Oie28 0.30 
4/F/Q 4/F/Q 4/F/Q 4/F/Q 4/F/Q 
Oho OAs, 0.29 0230 Os 2 
G32 0.50 0.34 OS O32 
0,32 Gu29 Oe29 0.30 O35 
O32 O29 0.29 0-30 On29 
O. 31 On 29 O229 O-30 Oy 30 
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TABLE 17 
SILICATE (UNFILTERED) #1 
terats Lat 
No Storage t 2 weeks 1 month 2 months 5 months 1 year 
28/3/78 thaw 13/4/78 25/4/78 25/5/78 5/9/78 25/4/79 
1/NF/G time 1/NF/R 1/NF/R 1/NF/R 1/NF/R 1/NF/R 
(hours) 

542 4504.3 0.0 S305 oa 54.0 onipe: 46.4 
S4ut 95423 OO5 5309 RR) Adee 51.4 44.8 
SAE? E5402 130 544i) 54.9/54.4* 54.2 51.4 48.2 
5401 54.0 200 5Oe0 5 D167 5605" F5Z2¥/ 5045 49.0 
5452 (54.0 4.0 54.645 178* 5 3039/5455" 655 0h 52st 50.4 
SHG2 Baro 6.0 52.4/68.4* Eg 4 04 Ot baat OLAS 
AAPL OD aso 7¥O re = oat . + 
Saal 899.8 8.0 a = = 52S 5256 
54/0 2334-9 970 54.4 - - = - 
52) OuMeaeU P20 eye - = = = 
5389 Vo470 13830 + SPARS AVT* 5k S2 58.0 54.0 
jane Poail 2450) 56.2/5375* SAI S4N1* 5A 52 5204 + 
54.1 154e1 29.0 “ 56.8 = - ~ 
Bae), Spal 
5440195420 17/4/78 28/4/78 26/5/78 8/9/78 1) San 
B@.es 359 tte reo t= i. 0 t = 0.0 EHH 300 t = 18.0 
Bae. Mos 8 220 5327 bie © Sie 6 5334 
52 028 Bae 52.0 5324 512.8 54.6 
Sach foo. Daeg Soro Dea 5220 5259 
Sua eo. / 5276 5028 Desi seee 5220 

B25 9 5528 5238 5262 5260 

1/NF/Q 1/NF/Q 1/NF/Q 1/NF/Q 1/NF/Q 

ni2e 6 Ban 2 5229 5227 5348 

24 3D 5327 5346 1 Bricks 5494 

by 9 ae SSF bse 52% 6 5433 

bs Fare 53.8 coke 5250 ee 

28.2 5a 1 Tae 1 5. 0 54.5 


ae 


TABLE 18 


SILICATE ( FILTERED) #1 
gests i 


No Storage ic 2 weeks 1 month 2 months 5 months 1 year 
28/3/78 thaw 13/4/78 25/4/78 231 oiN es 5/9/78 25/4/79 
1/F/G time 1/F/R 1/F/R 1/F/R 1/F/R 1/F/R 
(hours) 
Saale LS 0.0 Doe. 5250 ae ae) 5 Dao ay ee 
WS Mtn Bs PE 8) O53 53.9 54.0 Dae, Se oL.0 
i aaah 5B 4 1 54.6 D497 AO.O* 54,7 52.0 Dood 
24.0 3360 vos ®) 54.0 Dosey Oe re. (52.0 519 B2ao 
2) rt hie Ae 4.0 Degli Bas07 99.0% 54,3 S450 Didrere 
S42 oO 6.0 Sov 0/57 .o* 159.2 Bah 56.6 SOT 7 
54.0 53.6 7.0 ~ Se 3 54.3 = = 
of A Wines PSs) 8.0 - = See” 54a L 
ye Nc yabatte Ye) 920 Dios os ie = = > 
2 1% of RS I PR 170 60.6 - “ - ~ 
Bo se) 18.0 = 54,4/,00.5* 55.8 54.8 54.4 
Sond yovoa 24. U SOMO Va dy Odeon. Olas Da.o = 
Ja ose «29.0 = = = = = 
A ie ws egy 
Sa O——53. 2 17/4/78 28/4/78 26/5/78 Brey overs Wesy Nb!) 
1 gu Re Be ane Siam BG £ 70.5 t=-0.0 Ceo .U PG 
\462 3355 5220 54.5 Deke t 52.4 49.6 
Dad Vase 58.8 Seis) Bares) yay) ee ys | 
Sa506 03545 O20 Da. De Dee Ses. 
S420 2365 Dae ae iege: D324 52.0 54.60 
Sheva 53.6 - 5250 48.8 
1/F/Q L/F LO 1/F/Q 1/F/Q 1/F/Q 
68.5 53.8 53.0 53.0 5h a2 
i as | 533.0 Biol, 5200 5373 
Se ee 53.50 eyes! Di ate 54.6 
54.5 5356 seis Soe a 


52.4 je Dees 52.4 54.6 
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TABLE 19 
SILICATE (UNFILTERED) #2 
feat’? L=1 
No Storage t 2 weeks 1 month 2 months 5 months 1 year 
29/3/78 thaw 13/4/78 25/4/78 ae he a: 5/9/78 25/4/79 
2/NF/G time 2/NF/R 2/NF/R 2/NF/R 2/NF/R 2/NF/R 
(hours) 

ed a 1 Ps 0.0 be9 53.9 53.8 wy are! a208 
54.2 542 0.5 5.3 54.0 56.1 52.6 nh ios 
B44. See 1.0 547 55.2/60.5* 53.9 - eB ep | 
56.1 9G 20 54.2 BY 5/50" 5976 ps Ee ey 
S42, sot 4.0 54.4/55.6% 54.4/54.3% 54.4 52.9 noo 
Ble? Sip 6.0 SQA Bforec*® “Sa. a 54.0 Peas 
54.1 54d 7.0 - - 54.8 - - 
54.4 54.0 8.0 - - - 54.0 53.8 
542° 54.2 9.0 54.2 ~ ~ - - 
O42 Baek ~ hytO 65.9 - - - - 
54.0 545 | Ve s0 re 53.4 Sa Be “5356 53.4 eee 
Sac 2 Sane 2A BeoR/SA02* (5A. B/ Se. 5s 55.0 54.0 54.9 
54.2. Sas? 29.0 - 5407 - - - 
54.3 5an3 
542 A 17/4/78 28/4/78 26/5/78 8/9/78 Mey Age 
Bard 5455 t = 1.0 t= 0r5 tye ie t = 610 by Sele 
54,4 54.0 55:0 54.6 53.4 61.2 cle pale 
54.2 5452 55:0 54.6 shod kaw SAtZ 
5a, 3 5405 54.6 B45 Bae eae’ Soc 
54.3 oan 4 54:3 5372 BO<5 5535 54.8 
Ah od 54.1 5455 53.4 55.9 i ee 

2/NF/Q 2/NF/Q 2/NF/Q 2/NF/Q 2/NF/Q 

53.9 54:5 Bae S671 54.9 

54.9 53.4 5508 eu B24 

53.9 53:6 5324 oleae 5024 

BAe? 54.5 oe hs Re, sees 

54.5 9341 5ae7 CV how eh ely 


oY 


TABLE 20 
SILICATE (FILTERED) #2 
ve ata’ De 
No Storage 2 wecks 1 month 2 months 5 months 1 year 
29/3/78 thaw 13/4/78 25/4/78 25/5/78 5/9/78 25/4/79 
2/F/G time 2/F/R 2/F/R 2/F/R 2/F/R 2/F/R 
(hours) 

Dike me IE 3 0.30 49.4 5420 51.9 46.0 Pog 
20. Ba 504.2 O25 5L, 2 54.0 D4 6h 5a Batey 
ee ie Ta 1.40 are Dae pS5.7* 53.9 44.7 48.7 
24.2 44.4 2 30 5G. a BA I5/51.8% 53.6 53.29 BG} 
Sl. 35 54.4 4.0 5h. 2705. BF Boe eee. Lt 5530 531+ 52.6 
So. bs 54.3 6.0 52. 2/3%.3% 49.2 53.8 Siete 49.6 
Stee. O44 y Pa) - - 56.4 - ~ 
as Se be oS 8.0 a = = 52:20 41.0 
S42 54.4 9.0 Bowe - ~ - - 
Hed D4 «a 17.0 DO ak = — (a - - 
54.1 54.3 18.0 eha Ae oibten.84 55.2 55.8 45.4 
oe ne 24.0 53. 6/53, 3% 5512/8. 749 APNG 56,41 = 
aos 5430 29.0 = 54. — = os 
are k: = Oda.S 
Rae D463 17/4/78 28/4/78 26/5/78 8/9/78 1/5/79 
EL we da t = 1.0 t= 0.0 ti= 120 t = 2.0 t = 43.0 
54), yn 54.4 53.6 55.0 55.8 30.3 5248 
Si cae 4. 4 Dogo 54. 3 43.7 D2 54.6 
Bis lan 54.5 53.6 54.8 Se) 52.06 54.2 
She 3en 54.3 54.1 54.5 55.6 5322 524.0 
54.6 Bs 54.8 49.9 ny Saeed 49.8 

2/F/Q 2/F/Q 2/F/Q 2/F/Q 2/F/Q 

5355 Saad 62.6 Sy, 53.1 

Sosy, 55.10 5353 52.7 52.9 

Sas 7 54.8 53.4 52 533.4 

5334 54.8 53.6 Soe 52.9 

53.7 54.9 55a 52a: See 
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TABLE 21 


SILICATE (UNFILTERED) #3 


fig 2t6 (b= 
No Storage t 2 weeks 1. month 2 months 5 months 1 year 
29/3/78 thaw 13/4/78 25/4/78 25/5/78 5/9/78 25/4/79 
3/NF/G time 3/NF/R 3/NF/R 3/NF/R 3/NE/R 3/NF/R 
65268 GHa23 0.0 65.04 65.5 65.6 64.4 62.4 
65chkh2 Go. 35 65.7 6239 65.5 64.0 G2 25 
65h GSD Lao 64.3 66.°8/67.2* ‘6558 64.4 63.0 
65.52 65.4 2,40 64.9 65.28/6601* 65.5 65.0 9 
65.7 P6540 4.0 65.9/7R.5* 66.62/65.7*< 66.8 64. 6+ 6peF 
Hons boa 6.0 66.7/70.7% Go.) 65.9 Gis3 64.8 
65.8. th 5 loo) oe = 66.0 sae _ 
G5, 6 6524 8.0 = = = Go =D 64.6 
65.8 65:4 0.20 Gb.) = = = = 
(o.3/. “Boa u4 Les 6525 = = ~ 2 
Oo 5/6.5 18.0 ca 66.3/66.3* 66.4 Cora Do Ay 
Goat) Vili 24.0 66.1/67.6% 66'.3/66.4** 63.6 Gly shams ef en.) 
So. ou 2940 ~ 65.) a = 
65.6 65.4 
65.9) 1'65..4 1I7VA/ 78 28/4/78 26/5/78 8/9/78 Vasver.:) 
f5.8 7'00:.9 t = 0.0 t = 0.0 t = 0.0 t= 42.20 t = 18.0 
65/6 'G5..D 65.4 ees OS. ak 64.7 Cony 
G507 ha 65.6 66.0 64.7 64.6 66.6 
Ops Jie OD 65.4 66.3 6a 42 64.6 66.5 
O57 7° 205.13 65.4 OD. 64.9 64.6 65.7 
65.6 Goes So) 64.9 66.2 
3/NF/Q 3/NF/Q 3/NF/Q 3/NE/Q 3/NF/Q 
6520 65.7 Sado 62.16 9 Re | 
64.3 66.0 65.0 G2..9 66.6 
65.6 66.0 64.9 64.7 S55 
6D...0 ODiat 59, 16 64.3 68.2 


65.6 66.4 66.2 66.0 64.4 


No Storage 
29/3/78 
3/¥F/G 
Op..." "bo. 6 
6D.i6: * “65:.'6 
Dou °°69..0 
6.0 o.. 
O26 77" Goi 
OD to" "05.6 
65.6 65.4 
65.7 **6D;. 
ODO” 65.47 
Mo. ODso 
60.7 GD. 3 
0" 4965.07 
65.5 65.4 
657° “65.4 
Gos. 6p 4 
Od (60.0 
O60) “OD 
back "0D. 4 
G5" “5G5..7/ 
C522 “fan. 09 


| 


thaw 
time 


(hours) 


Nm Ne He = 
oO fF ON 


WOOO. SS Gye ae TG eS 


SNS SS) (SY KO OG Sy SS ea 
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TABLE 22 


SILICATE (FILTERED) #3 
ug at Ee 
1 month 
25/4/78 


2 weeks 
13/4/78 
3/F/R 


66.6/84. 3% 
66.2/76.5% 


65.8 


65.9/67.6%* 


17/4/78 


to 
65.6 
65.8 
O52 
6p09 
65.9 


3/F/Q 
65.8 
65.8 
65.1 
65.8 
65.4 


3/F/R 


65.4 
69.9 
67.0/67 


65.77/69. 
66.0/66. 


63.3 


66.7/66. 


66.4/66 
68.3 


28/4/78 


Doe eG 
63-0 
66.0 
66.0 
66.0 
66.0 


3/F/Q 
65.9 
66.0 
65.9 
66.1 
66.0 


Bie as 
Qx 
Q* 


3x 
4k 


2 months 5 months 

25/5178 Sf 9718 

3/F/R 3/F/R 
65.3 63.2 
65,0 62.8 
65.7 64.3 
05.8 63.7 
66.2 64 2127 
Oy 07 <0 
G6n'S 

3 65.1 
66.4 64.8 
66.5 66.3 
26/5/78 8/9/78 
t = 0.0 t 
Go £2 634) 
65.4 64.7 
65.2 64.5 
64.9 64.7 
Cai 64.7 
3/F/Q 3/F/Q 
G03: 64.7 
62.4 64.3 
64.8 64.7 
65.2 64.8 
64.9 65.4 


1 year 
25/4/79 
3/F/R 


(n 
oO 
Ng Owe (00, “Ss Oye SO 


Ly Ss 79 

t = 18.0 
66.3 
65.6 
65.6 
66.0 
65.49 


3/F/Q 
65.9 
65.8 
G52 
Gr a2 
66.5 
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TABLE 23 
SILICATE (UNFILTERED) #4 
feet Lae 

No Storage E 2 weeks 1 month 2 months 5 months 1 year 

30/3/78 thaw 13/4/78 25/4/78 25/5/78 5/9/78 25/4/79 
4/NF/G time 4/NF/R 4/NF/R 4/NF/R 4/NF/R 4/NF/R 

(hours) 
98.6,° 98.9 0.0 1a Z Lait o ay 4.0 
98.6 .99.0 0.5 Lae 19.8 ong 952 Pas 
9920, 9.99.2 bab 3ina 2 Beth P22 02% 12S 8.4 8.4 
99.1 99.4 vse 9) 801 5 16-8/50..8%) # 564.9 16.8 40.6 
98.3. ),995% 4.0 9807 [Sa Or a 4/7 TRS) OOKD 2 eat 40.3 
9827. 1,985.8 6 40 12348 / Gok 66.1 83.9 52a 503. 
O02, © OR Pa = ce 6942 + = 
996,54, (.9.8,9 8.0 co = = 5ST B65 '7 
9836, 9 9952 9.0 64.0 = oe = = 
98.7 98.6 LID 60.3 = = + = 
98.4995 18.0 = 674.0 6364* 0 75.8 59S Go's 7 
99,3.0.9951, 5 2450 8629 /7D.5e* 1, 8209/8656" 85.0 86.4 Vos 
995'6, 7 9857. 3 2950 = 87.6 - - - 
99. 2. & 9982 
98,9. 999511 17/4/78 28/4/78 26/5/78 8/9/78 1/5/79 
9956, F992 t =,3,0 t = 2420 t =, 2420 t = 24.0 t = 24.0 
9930, 98.9 0958 S360 81.4 1338 135 
957. | ROR 1d S252 SSR 70.0 81.4 
98522, 7995.8) 68.1 93.8 81.4 7389 1909 
99:3.7.9963 19D 87.6 86.4 80.7 84.8 
DE. OQ. 9.1 TI6D 94.8 85m 7653.0 82eu 
99.2) 99.3 
99.1 99.6 4/NF/Q 4/NF/Q 4/NF/Q 4/NF/Q 4/NF/Q 
99.8 ees TAS 90,2 86.3 83.6 88.4 
O8.6 "99. TH,0 92.8 Si.) 82.4 88.8 
6353 99.3 88.4 80.9 91.1 
ye) 93.4 86.0 84.2 90.6 


[sf ee 100.2 $5.2 84.6 00.9 
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TABLE 24 
SILICATE (FILTERED) #4 
pecat,” bel 
No Storage t 2 weeks 1 month 2 months 5 months 1 year 
30/3/78 thaw 13/4/78 25/4/78 25/5/78 5/9/78 25/4/79 
4/F/G time 4/F/R 4/F/R 4/F/R 4/¥F/R 4/F/R 
(hours) 

9882 O8e7 0 10.8 14.8 Ong ine ae 
Fi whe Ok) 0.2 24.5 Zee Lan 0 Dice 4.6 
G5 190. 02 10 49 55 ZO, 07.3059 %,,, TD; 2 12.0 6.4 
98.1 98.4 2.0) 17 ap T0-Bi3I.1* “214 16.7 20.8 
Bete) td a 93 .p/ 34. 7% PACH 6) 0 be olka” Sa | DAIS 41.8 
98.0 95 76 6.0 84.8/63.6* Geen 69.8 D2 3e 42.7 
A Se, 7.0 * = + = - 
O33 O78 8.0 = = 4 6/4 54.26 
Os 7 16 9.0 Tw i = = ce 
UO.2e) UI 5 17.0 71.6 = - - - 
A det 18.0 - 84 id la * ty Toe 9 (aye 8} 60.6 
OSs) F715 24.0 86.4/83.1% 93.4/88.0* 90.8 Sok ie. 2 
Ole! #95,'2 29 5.0 5 8750 Cs - - 
a7. 93..3 
O20: 98.2 17/4/78 28/4/78 26/5/78 8/9/73 is ey Be, 
dee UNS ART | t = 4.0 t = 24.0 t = 24.0 t =, 24.0 t = 24 
OD ee. Te Vo ws elt 88.8 (8. 84.5 
Fs aM 79.9 O32 O7 eo 90.7 84.1 
eS TRS Ke Sap O1,.9 90D 86.8 84.8 82.0 
35.0 Oso 86.4 Ys 5 5) Sis eee 86.4 
98.6 83.2 = 8720 yo./ 81.4 

4/E/Q 4/F/Q 4/F/Q 4/F/Q 4/F/Q 

71.4 86.8 SA. 6 5) av 90.4 

67.2 Od ee 9UE6 86.0 o¢.3 

73.8 Spare 91,6 84.6 67.9 

fo.4 O20 88.4 39.3 a7 28 

1220 7 = + Oe. 


44 


Re ee ee 


0798" + 92°CT T9792 +28TS cL OSOt*oF 2° ET Scoe” * 0s’ TE SST0™ +S09ST1 Cy. = a 0/4/¥ 
S7S0° + 79mLt SSTO* FA09ZTT Lyvo® + 8S°TT 87S0° + 92° TT Ly77O° + c9°TT 6690° + ¢cS°TL u/4/%7 
Lyge°’ + 76°TT LES*T + 98°CT O€Sl°* + 88°TT YOET” ¥ 2C°TT SSTO* + 0V°TT Tt= 2 0/AN/% 
7680° + 72°TT LES Fc97°TT 8STO°® + OS*TT 7L0Z° + 90°TT LECT $e AT 6780° ¥ T?°TT Y/AN/%7 
8S09° + 8T°672 68LT° + 77°82 69€L° + 90°8C 7680° + 79°82 796E° F BS°8C Nc.=: 4 0/A/E 
760°T# 88°82 0966° + 8T°82 ZOLZ® F 99°8C CVEL’ + 99°8S CHET? + 96°82 T9LO° + S7°62 U/aA/e 
TB<e° + 78°SC L807° + 82°82 L770° + 8L°87C €97S° + B7°8C OVTT’ + 76°82 vo = 0/AN/€ 
TEL6" F CT°8C OSOS* + O€°87 7677° + 87°87C ZOEE* F 77°8C ZOTE* + 09°87 OOOT’ + TT*62 Y/AN/€ 
680T° + 88°72 O8ZZ° + ZL°7C EG6l e+ 88° 7C 8STO°® # OL°7C 7680° + 7L°7¢ 0c.> / 0/4/7 
SyT°T# 72B°E? Cee. +. 9te 7G L€80°- + 88°72 GyES°’ + 09°%C L770° + 89°72 T9ZL + ES Te u/a/Z 
9Z0°T+ 89°72 LO6°T+ 8E ES Tote. se 057 CtcL, +, OL 7C vOET® + BL°7C teu 0/AN/Z 

LEG" te Eo bd Ov0°Z + BY°CC LUGO. + DL -UC VL0C° +2 9S°7¢ ECic ++ 00272 77OT° + 69°72¢ Y/AN/Z 
8STO* + 09°9¢ SGTO” + 0&.9¢ LyyO° + ¢€9° 97% {680° + C7°9C 87S0° + 79°92 0c = 4 0/a/T 
GEL 45 099 7680° + 77°9¢C LE80° + 89°9C L770° + C7°9C LE80° + BE°9C G760° + 99°9¢ u/a/T 
L¢80* % €9<9¢ LOLO° + 07°92 £E90* +. £9°9C HOLee + 77° 9E ORLT 5 479-9C bE =U 0/AN/T 
S9TZ° + 8E°9C BIST +77 9C L770° + 85°92 Lyy0° + CE°9C LYVO° = C9°9C CLOT” + 88° 9¢ a/an/T 


a3e10Is ON 


AT 


wg 


Ss 


w¢ 


t 


ALVALIN 


- N dTdvl 


MZ 


ra) 


(e8e103s ou) preoq-uo poUTUtszep 
asouj ydeoxe sdnoiz [Te 4103 G = U 


Ss 


+ 


X [Te jo Aazewuns 


aTdues 


45 


u 0/4/47 


O€TO* + 80E°O 6800° + 7O0E°0 7CCO, + DOE “0 SvOG™ --c6c 0 LOO” #025 °0 St = 
OScO" =. 9TE"O 8900" = uo G30 SS00°* + 782°0 6800° + 76¢°0 DIEO* + 920 °O0 c800° + OOE£°O a/a/7 
00¢0°* + OTT’T 6ZT0° + 0SO°T VOLO = CSOT €670° + cLO'T O€¢CO” ¥-980°T OF = U 0/4N/¥ 


O€c0° = 962L°0 9790" 2850 CVLO ECOL 0 98S0° + 9€6°0 v9S0" =eS79"°0 9S70° + 9S6°O U/aN/? 


fe 


SLLE5 S70 S 8cvT* + O8L°C EOUOG& a Vere Z 0070° + O€L°Z? 7690 © =e 9S 9% 6T = u 0/a/€ 
VEEES 799°C O99 C = Vi DLCO oe GCC e770 = OSL" C TCC Oe Te 7 VE ae EEOO COS. 6 a/a/e 
TIOT™ 41c08 °C 97€0" +068°C L690" ee CSL "7 cell see 979 7 €800° + 88L°Z Oc =u O/AN/€ 
OLBO~ = col" ¢ LV A oan ener a £1CO- = C19" C cl70s > 069°C 8ccO* = B88L°? SS90 4 2 fel GCG apa 
Poe «t -OL0  C COCO™ . F02e°? TOC + GSO © 9T00° + O6T°Z S700" -ay Bic Oc =U 0/4/2 
coo FF OC0s CEYO" + Succ ceclu + UCC ¢ VOTO” + SST"? COWOT ae Veo G 6020" + S¢c °C a/a/? 
wee UTC FSo Tsar SLO" C TSSO° + 96T°Z EUCOS COC. SoU VVC Oc =U 0/4N/Z 
CSOT + 080°C CovL =F Cok’ C Calo” + Yor'<¢ LeyOy + SLE? BLEU Scer Cc 60TO° = L£S2°2 = =Y/AN/Z 
OETOD = G87’? 6800° + 987°7 TELS = 907 2 GS00° + 79€°C S00 7 TEES {T=4 0/4/T 


+! 


SORT = OLE S cO90° + 8T#°? SSCOU> Fe SEN GSST i +t OVE“ TO EE 8800° 86E °C a/a/T 
COVE 6800° + 9S7°Z ODO," F SOL .FS GEO) =. Var we 9T00" F O9E°? TT =u 0/AN/T 
GOS 4 CLL 6910.5 +: OLE? ESTOS Ht OLENA 700.2) Fe COLL LULOIG Fe GE AZ £900° + 70¥°C U/aAN/T 


i) 
—t 
(>) 
© 
+1 


AT wG wz WT MZ hee ON etTdues 


(e8e109S OU) PpileOq-uOo psUTWAd ep 
asoyj ydaoxe sdnoz3 [[Te A0z ¢ =u 


2 (X-FX)z = 7S S95 ¥ TTB FO sAaeuung 
ALVHdSOHd 


f= de DIAL 


46 


/ 


Oy A en ace aa ree eee ee 


97° T # 75°88 960°Z F 9€°98 CT9°L + 75°68 LOv'Z * 98°06 ¢G°7 ¥ 09°TL ty = a 0/4/47 
LT0°Z = 89°€8 Zek= 0: He TeAS TZ7Z°O0 # OL°L8 €67°7 + 78°26 OL7°S + 67°08 Lye°O * 10°86 u/ 4/9 
Z1Z°T = 06°68 SOG? Ic to £8 97Z°T F 9L°98 eco ye OTL Gb ZO8*? ¥ 9L°69 0g ‘= u 0/AN/% 
Z8E°C + VETS 876°C F BL°HL 6€E°7% F 06°E8 gg9°S + 97°88 G82°S F 99°HL €6€°0 * 66°86 Y/AN/¥ 


eee eee 


Oe: LY 98¢°0 + cl 79 6LT°O O° S9 780°O + 86°S9 61T€°0 + -°8S S99 0c =U 0/a/€ 
G6z2°O + 88°S9 cos 0 2979 Dec 076-59 897°0. + 88.59 COL; U. +. S009 O€T’O + 6S°S9 u/a/e 
C69- T+ 09°99 Z69--T -F--06--79 GT8°O + 00°S9 88c2°O + 96°S9 Of1-0-F-0S-59 O¢--— 0/AN/€ 
pcy Urs. 7199 HET. 0 89 99 COC 0 + 80259 E0t, 0+ Bee 9 OTL Oo 4.0 tad £80°0 + €£°S9 = U/AN/E 


ee es ee eee eS 


fie D0 + CE ES €87°0 + 9T°CS GT8°O + 06°ES COWO + SES..7S GS.0..0 <4 399 ES 0% =U 0/4/7@ 
eG Or 2S 689.0 + AOC ES 66€°7 + 99°0S GL 0 = 2 7S 6760 + BL°ES €80°O + 02° 7S u/d/7 
Eo Ae GS 6c) 0 + 96: SS T8T°O F 9S°ES 86S°O + 8L°ES L77°O + 80°%S Te 3G 0/AN/Z 
089°0 + 8S°7S 9G2°0 F CESS OTTO + SSS 909°0 + 82°7S 907°O0 + 09°7S 680°0 ¢ T2°7S U/AN/? 


he i ee ee 


+ 
+ 


=151) 


ata 


+1 


rh 


+1 


at 


Eee oe ove. €9€°O + BL°CS Ee FU" es COLE O + CL os CleT + OL Vs 07 = 0/4/T 
880° F 9S°CS 600°T + 76°CS E8E°O * BO°ES SfT 0 + Sh ss ay in Tae aS yy LST 0: + LO 7S u/a/T 
foe) tut. EOTO + vers pet Fev. ea Gtc- 0 + UG cS Cle + Uy. -Cs l= 0/AN/T 


998°O0 + 72°ES GUC. e+ V0 5 €87°O + 06°CS S62°0 + cv tS v9OT°O + CL°CS OOT°O = OT°7S «=a /AN/T 


a3e10IS ON 


AT wG wz UT MZ a) atTdues 


ne eee 


(e8e103s OU) pxeOq-UO peUTUts39P 
asouj qydeoxe sdnoig [Te toy ¢ = U 


ms eee het = 78 cera ea Ee 2 Azewuns 
ALVOITIS 


P= tS 2 Teva 


47 


TABLE N - 2 


NITRATE 


Wilson's non-parametric ANOVA (four-way with equal replication) 


Factor A 
Factor B 
Factor C 
Factor D 
H : there is 


H « there is 


- Filtering 
- Freezing 
- Time 

- Sample 

no effect 


an effect 


(2 Levels: F, NF) 


(2 shevelss:. O. R) 


(5 Levels: 2w, lm, 2m, 5m, ly) 


(4 Levels s it, 12,3, 4) 


* - Significant 


(o 0.05) 


**k — Highly Significant (a = 0.01) 


x test statistic DF Factor Conclusion 
0.00 A. A Accept Hy 
0.00 1 B Accept Ho 
mare 4, C Accept He 
392.08 3 D Reject th 
ie Ay? By? Total Interaction Accept H, 
393.6 79 
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TABLED P= 2 
PHOSPHATE 
Wilson's non-parametric ANOVA (four-way with equal replication) 
Factor A - Filtering (2 Levels: F,NF) 


Factor B - Freezing (2 Levels? — 0, RB) 


Factor C - Time (5 Levels: 2w, 1m, 2m, 5m, ly) 
Factor D - Sample (2 Mevels. Wl so, et) 
Ho: there is no effect * — Significant (a = 0.05) 
H,: there is an effect *k — Highly Significant (a = 0.01) 
x2 test statistic DF Factor Conclusion 
0.09 al A Accept Hy 
2e29 a B Accept Ho 
356 4 C Accept H 
303.94 3 D Reject Hee" 
34.14 12 Total Interaction Reject i 


y 343799 79 
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TABLE Si - 2 


SILICATE 


Wilson's non-parametric ANOVA (four-way with equal replication) 


Factor’ A. 


Filtering 


Factor B - Freezing 


Factor C - Time 


Factor D - Sample 


H : there is no effect 


Ho? there is an effec 
x2 test statistic 
0.01 
LOL 
0.04 
Siete Wy 
Die 


E 390.40 


t 


DF 


a 


WZ 


79 


(2 Levels: F, NF) 
(2Levels: Q, R) 
(5 Levels: .2w.. dims 2m,.5m, ly) 


(Aiveveis: 1, 2, 3, 4) 


* —- Significant (a = 0.05) 
** —~ Highly Significant (a = 0.01) 
Factor Conclusion 

A Accept H. 

B Accept oe 

C Accept H, 
D Reject Bear 

Total interaction Accept Ho 


i) 
o 
cou) 


26.3 


NITRATE CONC. (ug-at-L ) 


© 


= 


WS 


NITRATE CONC. (ug-at-L’) 


Ww 


267, 


SAMPLE 1 BC INTERACTION 


Im am 5m 
FACTOR C 


SAMPLE 4 AC INTERACTION 


FACTOR C 


Q (B1) 


R (B2) 


F (Al) 


NF (A2) 
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TABLE N - 3 
NITRATE 


Wilson's non-parametric ANOVA (three-way with equal replication) 
Factor A - Filtering (2 Levels: fF, NF) 
Factor B — Freezing (2 Levels: Q, R) 
Factor C -— Time (5 Levels: 2w, lm, 2m, 5m, ly) 


Hy - there is no effect * ~ Significant (a = 0.05) 


H, —- there is an effect **k — Highly Significant (a = 0.01) 
Nea test statistic. DF Probability Factor Conclusion 
Sample 1 | 
04 1 0.836 A Accept Ho 
0 6 au 0.300 B Accept Ho 
32.86 4 0.000 co Reject Ho** 
-04 aR 0.836 AB Accept H, 
4.89 4 0.299 AC Accept Hg 
133.30 4 0.010 BC Reject Ho** 
4.89 4 0.299 ABC Accept Ho 
Sample 2 
8.05 ui 0.005 A Reject Ho** 
ED a: ). ceo B Reject Ho* 
16.67 4 0.002 C Reject Ho** 
0.00 iL 0.999 AB Accept Ho 
LD adel 4 0.966 AC Accept Hy 
8.46 4 0.076 BC Accept Ho 
7.80 4 0.099 ABC Accept Ho 
Sample 3 
0.16 iL 0.689 B Accept Ho 
20. 80 4 0.000 Cc Reject H)** 
1.44 rf 0.230 AB Accept Ho 
fae ee 4 O.i92 AC Accept Ho 
5.44 4 0.245 BC Accept Ho 
Jso0 4 0.118 ABC Accept Ho 
Sample 4 
SPs, J. 0.002 A Reject Ho** 
0.04 1 0.834 B Accept Ho 
54.95 4 0.000 G Reject H,** 
0.04 i. 0.834 AB Accept Ho 
10.98 4 0.027 AC Reject H,* 
1.49 4 0.828 BC Accept Hy 
1.49 4 0.828 ABC Accept Ho 


4 
PHOSPHATE CONC. (ug-at-L ) 


PHOSPHATE CONC. (ug:at-L ) 


OM gee 


R 


29 


2.24 


ace 


2.20 


2.18 
2.16 


SAMPLE 2 AC INTERACTION 


F (Al) 
NF (A2) 
ot = ee 
Im 2m 5m ly 
FACTOR C 
SAMPLE 3 BC INTERACTION 
R (B2) 
Q (B1) 


FACTOR C 
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TABLE P - 3 
PHOSPHATE 
Wilson's non-parametric ANOVA (three-way with equal replication) 


Factor A - Filtering (2 Levels: F, NF) 
Factor B - Freezing (2 Levels: Q, R) 


Factor C - Time (5 Levels: 2w, Im, 2m, 5m, ly) 
Ho - there is no effect * = Significant (a = 0.05) 
Hy - there is an effect **k — Highly Significant (a = 0.01) 
xe test statistic DF Probability Factor Conclusion 
Sample 1 
2.60 NM OD LOF A Accept Ho 
10. 39 1 0.001 B Reject Ho** 
20.04 4 0.000 C Reject Ho** 
2.60 i 0.107 AB Kecept (i, 
1-67 4 0.760 AC Accept Ho 
6.25 4 0.181 BC Accept Hy 
18.91 4 0.001 ABC Reject 'H,** 
Sample 2 
1.44 iL 0.230 A Accept Ho 
10.26 1 0.001 B Reject H)** 
11.06 4 0.026 C Reject Ho* 
0.16 1 0.689 AB Hecept HH, 
10.58 4 0.032 AC Reject Ho* 
4.97 4 0.290 BC Accept Hy 
2.246 4 0.691 ABC Accept Ho 
Sample 3 
6,08 . 4 0.045 A Reject Ho* 
6.00 1 0.045 B Reject Ho* 
5.45 4 0.244 C Accept Hy 
0.64 us 0.423 AB Accept Hoy 
7.21 4 0.125 AC Accept Ho 
13.22 4 0.004 BC Reject H,** 
2256 4 0<633 ABC Accept H, 
Sample 4 
100.00 of 0.000 A Reject ‘Ha** 
0.00 a 1.000 B Accept H, 
0.00 4 1.000 C Accept He 
0.00 1 1.000 AB Accept Hy 
0.00 4 1.000 AC Aceept i, 
0.00 4 1.000 BC Accept Hy 
0.00 4 1.000 ABC Accept H, 


SILICATE CONC. (ug-at-L') 


SILICATE CONC. (ug-at-L') 


SD 


85 


75 


ow 


2w 
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SAMPLE 2 AC INTERACTION 


Im 2m 5m 
FACTOR C 


SAMPLE 4 BC INTERACTION 


Im eam 5m 
FACTOR C 


NF (A2) 


FUR) 


Q (BI) 


R (B2) 
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TABLE Si - 3 
SILICATE 
Wilson's non-parametric ANOVA (three-way with equal replication) 


Factor A - Filtering (2 Levels: F, NF) 
Factor B - Freezing (2 Levels: Q, R) 


Factor C -— Time (> Levels: 2w, lm, 2m. 5s. iy) 
He = there Is’ no effect * — Significant (a = 0.05) 
Ha - there is an effect kk —- Highly Significant (a = 0.01) 
te test statistic DF Probability Factor Conclusion 
Sample 1 
4.86 a OV027 A Rejeck H* 
bel, 1 0.161 B Accept Hg 
Seles) 4 0.000 G Reject wHy*+ 
L977 x 0.161 AB Accepty He 
9.39 4 05052 . AG Accept H, 
3.45 4 0.485 BC Accept H, 
3.45 4 0.485 ABC Accept Ho 
sample 2 
4.89 i 0.027 A Reject shes 
4.89 vk 05027 B Reject Hox 
18.99 4 0.001 C Reject Ho** 
0.04 it 0.841 AB Accept Ho 
19.215 4 0.001 AC Reject Hj** 
5.41 4 0.247 BC Accept Hy 
2690 4 Pes ew, ABC Accept Hy 
Sample 3 
0.00 A 1.000 A Accept: He 
0.00 Al 1.000 B Accept Hg 
59520 4 0.000 C Reject Ho** 
0.16 1 0.689 AB Accept Ho 
1.60 4, 0.809 AC Accept Hy 
2.40 4, 0.663 BC Accept Ho 
aS 4 G26o7 ABC Accept H, 
Sample 4 
4.84 1 0.028 A Reject su 
9.00 1 0.003 B Reject H,** 
46.17 4 0.000 C Reject Ho** 
L.O00 uh 0.317 AB Accept H, 
1.36 4 0.851 AC Accept H, 
10.80 4 0.029 BC Reject H)* 
2.80 4 0.592 ABC Accept Hy 
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TABLE N= 4 
NITRATE 
Wilson's non-parametric ANOVA (one-way with equal replication) comparing 11 


groups (on-board analysis, Q stored samples (5 dates) and R stored samples 
(5 dates)). 


H? Hy = Uy Shee = * Significant (a = 0.05) 

a = 0.05 *k Highly Significant (a = 0.01) 
1/NF aS ie 10 0.000 Reject H5** 
1/F 51.67 10 0.000 Rekgecs H 4% 
2/NF 35.59 10 0.000 Rejges Ha* 
2/F 29.87 10 0.001 Reject H** 
3/NF 47.58 10 0.000 Reject HF 
3/F 46.00 10 0.000 Regecty H.** 
4/NF 27.89 10 0.002 Reject H** 
4/F nes rap ie 10 0.000 Reject H_** 
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TABLE P - 4 
PHOSPHATE 
Wilson's non-parametric ANOVA (one-way with equal replication) comparing 11 


groups (on-board analysis, Q stored samples (5 dates) and R stored samples 
(5 dates)). 


Ho: HW, = Uy = ee F Uy * Sienificant (a = 0.05) 

a = 0.05 ** Highly Significant (a = 0.01) 
1/NF 45.00 10 0.000 Reject H** 
1/F 41.07 10 0.000 RejectsH ane 
2/NF 44.38 10 0.000 Reject H** 
2/F 28.85 10 0.001 Reject H** 
3/NF 25.67 10 0.004 Reject H\** 
3/F 36.94 10 0.000 Reject H_** 
4/NF 40.48 10 0.000 Reject H_** 


4/¥F 38.43 10 0.000 Reject H_ ** 
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TABLEUSL 4.4 
SILICATE 
Wilson's non-parametric ANOVA (one-way with equal replication) comparing cm! 


groups (on-board analysis, Q stored samples (5 dates) and R stored samples 
(5 dates)). 


Ho: 2 Ue Way * Significant (a = 0.05) 

a = 0.05 *k Highly Significant (a = 0.01) 
Sample _—x2 ‘test statistic DF ___—~Probability __ _ Conclusion __ 
1/NF 54.52 10 0.000 Reject H 3% 
1/F 3352 10 0.000 Reject H,** 
2/NF 25.98 10 0.004 Reject H\** 
Zhe 50.74 10 0.000 Reject H** 
3/NF 47.65 10 0.000 Reject Yt 
3/F 39.99 10 0.000 Reject H ** 
4 /NF 87.52 10 0.000 Reject H ** 
4/F 81.40 10 0.000 Reject H ** 
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TABLE N - 5 


NITRATE 


Non-parametric comparison of the on-board analysis (control) to the stored 
groups. Equal replication (5) was generated by selecting 5 of the on-board 


determinations at random. 


SE = \ n(np) (np+1) a ». ranks - De ranks 
6 control group 
SE 
Two tailed hypothesis H,? UW dpeene b Loup 
a = 0.05 
Sample Ordered Rank Sums: Bars are drawn where H is Rejected. 
1/NF Group G |Q/2w R/2w Q/ly R/2m Q/2m R/5m Q/im R/ly Q/5m R/1m 
X  26.88| 26.64 26.62 26.62 26.58 26.50 26.44 26.44 26.38 26.40 26.32 
1/F Group G R/2m Q/2m R/ly Q/ly |Q/2w R/5m R/1m Q/1m R/2w Q/5m 
X 20.66 26.68 ‘26.62 26.60! 26.60)'26.42 26.44'26.42 26.42 26.38 26.30 
2/NF Group|R/2m Q/2w Q/1m G Q/2m R/1m Q/ly |Q/5m R/ly R/2w R/5m 
X |24.76 24.78 24.70 24.69 24.52 24.56 24.58/23.38 23.70 24.00 22.48 
2/F Group| G  R/2m Q/2m |Q/ly Q/2w Q/5m Q/1m R/2w R/1m R/5m R/ly 
X 24.83) 24. 88 \24. 8824.62 24.74 24.72 24.70: 24.68 24.360'24°36 23.82 
3/NF Group G |Q/2w Q/2m Q/ly R/2w R/2m Q/1lm R/1lm R/5m R/ly Q/5m 
X 2954d1/23'.94 28.78 26.84 28.60 28.48 26.48 28.44 28.30 28.12 28.28 
3/F Group G |R/2w Q/ly R/2m R/ly Q/2w Q/1m R/1Im R/5m Q/5m Q/2m 
X 29.45|28.96 29.18 28.66 28.88 28.58 28.64 28.66 28.18 28.42 28.06 
4/NF oes Q/ly Q/5m |Q/2m R/2m R/ly R/5m R/2w G Q/2w |Q/1m R/1m 
: X 11.94 422 861d. $6 11550 11.44 11226 12.44 11.44 14°40] Ls22 11.06 
4/F Group Q/5m Q/ly R/ly R/2w Q/2m Q/2w R/5m R/2m G |Q/1m R/1m 
i P2528 22.26 TI6G4i i662 14.74 11.60 17.60 11556 /10552)/ 11230 11.26 
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TABLED 


PHOSPHATE 


Non-parametric comparison of the on-board analysis (control) to the stored 


groups. 
determinations at random. 


- , n(np) (np+1) 
tyne 6 Teest 


Equal replication (5) was generated by selecting 5 of the on-board 


= ay ranks - S% ranks 


control group 
SE 
Two tailed hypothesis H,? u oes u group 
a = 0.05 
Sample Ordered Rank Sums: Bars are drawn where H is rejected. 
1/NF Group Q/ly Q/5m GC  R/2w R/5m Q/2m |R/2m Q/2w Q/im R/1m R/ly 
pe 2.462 2.45612.404 2.392 2.376 2.368)2.370 2.360 De, 354 ZR62 2.222 
1/F Group Q/5m Q/ly |Q/2m R/5m G |R/ly Q/2w Q/im R/1im R/2m R/2w 
X 2.486 2.48212.406 2.418 2.398|2.370 2.374 2.364 2.384 29054 2.334 
2/NF Group G  Q/2w Q/ly R/5m Q/2m Q/1m R/2m Q/5m R/lm R/2w |R/ly 
X 2957 2. 94h) D214 9a192 24196 25202 26194 2.078 2y LBZ S52 2.080 
2/F  Group|Q/2m Q/5m R/5m Q/ly R/2w R/2m Q/2w 6,9 |0/i1m, iRidyo: RA 
ve 2.252 Qu 224 De 208: 2b 22h 20224 On 220 nee 2.224|2.190 2.148 2.158 
3/NF Group Q/5m G Q/ly R/ly R/2w Q/2w R/5m Q/2m R/Im Q/1m |R/2m 
X 9.818 2n783 2.802 21792 20788 22788 26794 24 752! 25690 2.646 aaoL2 
3/F Group G Q/5m R/2w R/ly R/Im Q/1m Q/2m R/5m Q/2w Q/ly R/2m 
pe 2.802 2.780 2.744 2.664 2.750 2.730 2.734|2.474 2.656 2A ee hese 
4/NF Group Q/ly Q/2w Q/im Q/2m Q/5m G R/im |R/5m R/ly R/2m R/2w 
X. »/1,110 1.086 1.072 1,052 0.992 0,956 0.936)0.858 0.796 0.762 0.678 
4/F Group R/2w Q/2w R/ly Q/ly R/5m Q/5m | G Q/2m R/1m Q/im |R/2m 
X 0.320 0.326 0.308 0.316 0.312 0.304)0.300 0.300 0.294 0.292 0.284 
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TABLE Si — 5 
SILICATE 


Non-parametric comparison of the on-board analysis (control) to the stored 


groups. Equal replication (5) was generated by selecting 5 of the on-board 
determinations at random. 
+ 
SE = n(n re u q = se ranks - Dy ranks 
test 
control | group 


SE 


Two tailed hypothesis Ho? ee Vig Doras 


a = 0.05 
Sample Ordered rank sums: Bars are drawn where Ho is rejected 
1/NF Group|Q/ly G |Q/im R/1m Q/2m R/ly R/2m Q/5m R/2w Q/2w R/5m 
. Daa50 S4s10155.90 SaetiZaodald 93.24 52.90 52.74 52.72 52,60 52500 
1/F Group R/2w Q/ly G R/lm Q/2w Q/lm R/ly |Q/2m R/2m R/5m Q/5m 
X Die O20. 50) 04.08 I3.00. D4 LU 99.47 2) 2 600) 03200, 02694, D2e9h Deelo 
2/NF Group R/5m Q/5m |R/2w R/ly R/1m Q/2w G {Q/ly Q/1m Q/2m R/2m 
X DG ects OU Lue 00 4620 Stes S4 e241 te lt 95676 J560D Joe oe 
2/F Group R/1m Q/1m G Q/2m |R/2w Q/2w R/ly R/5m Q/ly R/2m Q/5m 
X IPMS 4ST 4e LO Deh 95.76 5600) 02.00 35650 D3 lz2 50.06 52,16 
3/NF Group|R/Im R/ly Q/1m Q/ly G |R/2w Q/2w Q/2m R/2m Q/5m R/5m 
X 65.96 66.40 66.52 66.44 65473165.28" 65.48 65.00 65.08 64.30 64.68 
3/F Group Q/1lm |R/1m Q/ly R/ly R/2w G Q/2w |R/2m Q/2m Q/5m R/5m 
x C2. 95 {05.00 "00.6e O5e06 65.05 65.59 65.58)65.24 64.50 64.72 64.42 
4/NF Group G  Q/im|Q/ly R/1m Q/2m R/2m Q/5m R/ly R/5m R/2w Q/2w 
X 98.99 95.18|89.90 88.46 86.76 83.90 83.14 81.34 74.78 69.76 74.66 
4/F Group G |[R/1m Q/1lm Q/2m Q/ly R/2m Q/5m R/5m R/ly R/2w Q/2w 
X  98.01|92.84 90.88 89.54 88.52 87.70 86.36 81.18 83.68 80.49 71.60 
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TABLE, Naw 6 
NITRATE 


(a) Two-tailed paired-sample t-test (testing for difference between samples 
thawed in the light and in the dark) 


Ho Hy = 0 
H, 2 Mg # 0 
a = ~Q705 
d = (X, = Xp) = — 0.06034 
85 = 0.0898 
nt *=**59 
t = os = - 0.672 
d 
t 05(2),58 2.002 


Conclusion: Accept H.. There is no difference between samples thawed in the 
light and in the dark. 


(b) Two-tailed paired-sample t-test (testing for difference between So and 


Sp» the standard deviations of the Q and R groups respectively). 
fe) a z\ 
P Ma # 0 
a = 0.05 _ 
d = (sq - S,) = — 0.03160 
ri ie: 0.06949 
ny =" 40 
t = a = = 0.455 
d 
EC Sali Wao'ad Ye ee tag 


Conclusion: Accept Hoe There is no difference between SQ and Sp: 
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TABLE: P= '6 
PHOSPHATE 


(a) Two-tailed paired-sample t-test (testing for difference between samples 
thawed in the light and in the dark. 


Ho HG = 0 
il u,% 0 
ce -77r0;05 
d = ce ~ X)) = - 0.01519 
84 = 0.01768 
n = Oe 
& = + = - 0.859 
d 
t 05(2),51 2.007 


Conclusion: Accept H_. There is no difference between samples thawed in 
the light and in the dark. 


(b) Two-tailed paired-sample t-test (testing for difference between s. and 


Q 


Sp» the standard deviation of the Q and R groups respectively). 
HS ot 4 3 0 * - Significant (a = 0.05) 
** — Highly significant (a = 0.01) 
H Laat 
a d 
a = 0.05 
d = (Sy - Sp) = - 0.03567 
Sq = O.01275 
n = 40 
t= = - 2.798 
d 
t 05(2),39 2.023 


Conclusion: Reject Hoses There is a difference between SQ and Sp» Sp is 
higher than Sq: 
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TABLE Si - 6 
SILICATE 


(a) Two-tailed paired-sample t-test (testing for difference between samples 
thawed in the light and in the dark). 


fe) Md aut 
Hy eee # 0 
oe) =". 0.05 . 
d = (X, = Xp) = - 0.5854 
n = 48 
t= = - 1.078 
d 
oda) e7 Proton 
Conclusion: Accept H.. There is no difference between samples thawed in the 


light and in the dark. 


(b) Two-tailed paired-sample t-test (testing for difference between SQ and 


BR > the standard deviation of the Q and R groups respectively). 
fe) Magis 3 
lea # 0 
a = 0.05 s 
d = (So - Sp) = 0.3366 
s5 = 0.1760 
n = 38 
t = & = 1.891 
d 
ELC es tak 


Conclusion: Accept Ho: There is no difference between SQ and Sp: 
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TABLE 25 
SAMPLE #1 


Station 1: Sand heads (90 m), 49° 06.3'N 1239 19.5'W 
Date: 28/3/78, 1850 

Sample Depth: 20m 

Temperature: 7.92° 

O,: 5.80 mL L7? 

Salinity: 29.34 ~/oo 

Particulates: 0.075 ppmv 


SAMPLE #2 


Station 2: (348 m), 499 47.5'N 124° 47.0'w 
Date: 29/3/78, 1000 

Sample Depth: 1m 

Temperature ?8.21°C 

O,: 6.86 mL LL! 

Salinity: 28.81 /oo 
Particulates: 0.066 ppmv 


SAMPLE #3 


Station 2: (348m), 499 47.5'N 1249 47.0'w 
Date: 29/3/78, 1550 

Sample Depth: 300 m 

Temperature: 9.14% 

0,: 3.23 mL 1! P 

Salinity: 30.77 /oo 

Particulates: 0.050 ppmv 


SAMPLE #4 


Station 1A: Steveston (14 m) 49° 06.9'N 1239 11.27'W 
Date: 30/3/78, 0926 

Sample Depth: Om 

Temperature: 7.26 

O': 8.77 aL Lt 

Salinity: 1.05 °/oo 

Particulates: 0.186 ppmv 
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TABLE 26 


Rejection of data based on Chauvenet's criterion. (Probability of observing 
such a large deviation from the mean in a group of n replicates is not greater 
than 1 ) 

2n 


Nitrate 
2w 1m 2m 5m ly 2 
a ae ee ee 
R 1 0 2 3 4 LX 
Q ue 0 ‘i 0 ue 3 
ys 2 0 4 2 5 14 
BEF eh cial | ae eee ee 
Phosphate 
20 im 2m 5m ly » 
R 0 0 1 0 3 4 
Q 0 0 0 4 1 5 
x 0 0 Ag 4 4 9 
Silicate 
2w 1m 2m 5m ly P» 
R 0 o 1 2 0 8 
Q 2 0 4 a 0 yi 
> 2 5 5 3 0 ABS 
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TABLE 27 


* — Significant 


Test for Homogeneity of 


a 


*#k~=~Highly Significant oa 


Bartlett's 
ae 2 
SS ie -o7 
Sample Nutrient 
1 Nitrate 
é) "9 
“| WwW 
4 Ww 
i Phosphate 
2 Ww 
3 wt 
4 we 
i Silicate 
2 "1 
3 ini 
4 ai 


Test Statistic 


L2ei4 
165.56 
72.89 
200.59 
159.30 
155.15 
112.66 
132241 
1535.03 
166.48 
80.55 
46.56 


Variances 


0.05 x2 
0.01 x2 


0.05,19 
0.01,19 


Conclusion 


Reject 
Reject 
Reject 
Reject 
Reject 
Reject 
Reject 
Reject 
Reject 
Reject 
Reject 
Reject 


H ** 
O 
H ** 
oO 
H *x* 
O 
H ** 
oO 
H ** 
oO 
H *% 
O 
H *x 
oO 
H ** 
O 
H ** 
oO 
H ** 
O 
H ** 
O 


H *% 
fe) 


= 30.14 
= 36.19 
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TABLE 28 


Comparison of the first set of on-board determinations with the second set 
determined approximately one hour apart. Students t-test (two tailed) for 
difference between two means was used 


0.05) 
0.01) 


Ho: X, 2 Xo ,-2(2) = 0.05 * — Significant (a 
‘i kk — Highly Significant (a 


tow 


i re 
Percent Deviation 


Af 8 2s 

Nutrient Sample talc t rit Conclusion X, per aek oe 
ee ee 

Nitrate 1/NF 14.89 ye0s0" Rey eet sah 66 0.19 

1/F 6.66 2.024 Reject va 0.60 0.18 

2/NF aS .27 meeeo2e  Reyect i a -0.66 Os21 

2/¥F -1.72 ZeU23 Accept H, -Q. 36 0.25 

3/NF -15.68 2.024 Reject a real Sake Ws 0.18 

3/F bs es 2 2.037 Reject Lk: L262 Oss 

Phosphate 1/NF -1.27 2.045 Accept H. -0.14 0.56 

1/F -5.47 2.030 Reject Nea -0.55 0.18 

2/NF 2.82 2.026 Reject Hees 1.08 0.24 

2/F -0.27 2023) | Accept Ho -0.10 0.47 

3/NF -2.94 2.024 Reject Lies -1.56 ee 

3/F -2.38 2.055) Reiect Has -~0.26 0.14 

Silicate 1/NF 2.86 2.026 Reject Bats O.23 0.09 

1/F 9.90 2.024 Reject nee Gedo 8 Bt 

2/NF -1.15 2.023 Accept H, -0.06 0.08 

2/F —6y77* 29023" yeReject heey -0.34 0.08 

3/NF Tier 0 2.024 Reject Lay 0.50 0.07 


3/F 0.92 2.024 Accept H, 0.06 0.10 


Sb UN SUI err Leen 


a= 


Sample # 


mm WN YF F&F WYN BF FF WD 
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TABLE 29 


Comparison of filtered and not filtered on-board determinations 


0.05 


Nutrient 


Nitrate 


there is no effect due to filtering 


©0.05(2), DF t 


Head Ape Aek ApS PR SS) IRS a Se IS RS 


-030 
:023 
024 
989 
.056 
024 
026 
Ae he 
026 
SUZ 
-024 
798/ 


6.82 
-3.88 
=125.10 
-6.78 
1.92 
6.07 
=Lo22 
Si< 32 
HS Bd 
oat 
4.00 
2747 


* - Significant te 
**k — Highly Significant (a = 

NF pe 

Conclusion = 

NF 
Reject H** 0.82 
Reject ee =O 
Reject Hee ey 
Reject Has =590 
Accept H, 0.25 
Reject H ** 1,42 
Accept H, -0.68 
Reject Hse 68.62 
Reject H,* 0.17 
Accept H_ 0.02 
Reject tens 0.21 


Reject ipsa 0.99 


0.05) 
0.01) 


x LOO 


° 
= it mre Ad 
. ba : 
7 : A 
AL fii ¥ ’ 


; “puedes } 


ter eet oF allie 
an 9 we hour apugey 


im bas | wee uneo 


~ 
0/5 


5 hae wont adnate br 


en somatdiogrs. - * gnlsag ltt a 
wakes Ae? “RR me Beaks ban Reiediot on’ 


— a er a ane 
i _ : : : 


a = 
mae ones. “ ae oi Ws > R, 
mee alo Ce eevee 


— 7} ‘or a tae 1% 
sae es 
ews. my see Weak « 
‘ted ven er a Oath sa oh 


Fi | 
bp : | ans, san ley . Rth i. 
ex aa tt staat, ita fee 
Teed cae) ‘ake ft sos hM. 8 ie ' 
a oF glee A an 
3 Bs a aa Lan eee Pn we 7 ud 
7 til ys ae rel ie 00,2 
o0.4 “i 4 ul ee 1 ‘hh Te > 
iy A MRAM BR ve 2 
CO py | ht a a 
Lt hina nhc lalla thst 
asa v4 YJ p>: wa 


Pu! lic 
eae Pacific Marine Science Report 80-3 
= | 
SOROS 


FURTHER STUDIES OF 
COPPER, ZINC AND CADMIUM 
IN MOLPADIA INTERMEDIA 
FROM THE POINT GREY DUMPSITE 


by 
J.A.J. Thompson 


and 


D.W. Paton 


Concha ANSTITUTE OF OCEAN SCIENCES 
W- ‘ Sidney, B.C. 


For additional copies or further information please write to: 


Department of Fisheries and the Environment 
Institute of Ocean Sciences, Patricia Bay 
PLO. Box 600 
Sidney, B.C. 
V8L 4B2 


CA 
e ‘ = 


5 x UK 


Pacific Marine Science Report 80-3 


FURTHER STUDIES OF COPPER, ZINC AND 
CADMIUM IN moLPaDIA INTERMEDIA FROM THE 


POINT GREY DUMPSITE 


by 


Beale Bar Thompson 
and 


D.W. Paton 


Institute of Ocean Sciences 
Sidney, B.C; 
1980 


* o.) 4 - | 
ve or! : "} j 7 


ee a ee ns lee uci os Bs. 
re i ‘' rat " iy 
’ et / “i, o f a a yet ee we it iY, Pps nal 


foe et oe mh aay’ isiiveael in mi ber 

‘ w ; nie ; he Had ie Wi 

1 RN j jae a te om, 7 oh, per) i n'y roe ye respi”) 
é a ee a 


wv ty vite : 7 
i Ls ya A , : : " ¢ - 
oi 5 : 2 > 
Varae - - 
_ soso B.A 
‘ « 
} ‘A 
Die. A 
ta oh j A 4 
f ce m Wie i 
HOmnT, .Wya 
ig . aay 
ed aa 
t 
wr 
i 
PAs 
r Lwaiy 
nied 
phd 
¢y 
ae 
4 oN 
A ie 
oe 
, 7 ; 
eis ( 


Yui)! a ‘ 5 : hy 
Bec hoe ars) to, sour hen (an 
i “1958 aysnh se | 


Abstract 


A second study of the concentrations of copper, zinc and cadmium in the 
holothurian (sea cucumber) Molpadia intermedia is reported. Samples of 
M. intermedta were collected from 19 stations in the Pt. Grey Dumpsite, 
Georgia Strait and one control station. Copper ranged from 1.9 to 24.0 mg use 
With & niean of..5.815.1(1c) mg foou Zinc concentrations averaged 139+12 mg a 
for a range of 118 to 167 mg ier - Cadmium was found to have the lowest 
concentration of the three metals with a range of less than 0.1 to 5.4 mg eee 
and mean of 1.4+1.3 mg eae a Data are compared with the first study conducted: 
in 1976. No trends in the station-to-station data from this study were noted 
for any of the three metals but there was a statistically significant 
difference for zinc data obtained from the two studies. Data for other 
elements determined in selected samples by inductively coupled plasma 
spectrography are reported. The insuitability of M. intermedia as biological 


indicator of ocean dumping impact is discussed in light of the data. 
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Introduction 


In a previous report (Thompson and Paton, 1978a) we described initial 
efforts to determine concentrations of five heavy metals in the holothurian 
(sea cucumber), Molpadia intermedia. Benthic surveys in March 1976 had 
shown that this organism was the only one with sufficient ubiquity in the 
study area. Even in the case of this organism the availability was scant 


in areas chosen for control purposes. 


The metallic elements copper, zinc, cadmium, lead and chromium were 
determined in samples of the ectoderm and longitudinal muscle which were 
obtained from specimens obtained from only the northeast quadrant (Hoos, 1977) 
of the Pt. Grey Dumpsite in Georgia Strait. Because of this limited sampling 
and the questionable precision for some of the data (particularly for lead, 
chromium and cadmium) it was considered of some importance that a second, 
more thorough sampling of the entire dumpsite be made. The primary purposes 


of this excercise were to determine if: 


1. This organism had any use as a biological indicator of heavy metal 
contamination at the dumpsite. 

2. There was any statistically important variation in metal loadings 
in this organism with location relative to the central area of 


the dumpsite. 


In the follow-up study, reported here, a series of stations from all 
quadrants of the dumpsite was chosen. Because of the large number of samples 
involved and financial limitations, data for copper, zinc and cadmium only 


were obtained. 


Our previous report (Thompson and Paton, 1978a) should be consulted for 


a brief description of the dumpsite. 


Materials and Methods 
a) Sampling 


In July, 1977 at least five specimens of Molpadia intermedia were 
obtained from all stations shown in Figure 1 except at Stations 7, 13, 15, 
29 and 36. Samples of bottom sediments were collected in a Smith-MacIntyre 
grab (Kahl Scientific) and were sieved through a 1 mm mesh polyethylene 
screen. Specimens collected on the screen were rigorously cleaned of adhering 
sediment and washed with deionised water. Longitudinal muscle was separated 
immediately from the ectodermis in a laminar flow HEPA work station. Muscle 
samples were placed in individual acid-washed glass vials and deep-frozen,. 
Upon return to the laboratory the samples were freeze-dried in their vials and 
pulverized. Seventy-six specimen samples and six NBS certified Standard 
samples (4 Orchard Leaves; 2 Bovine Liver) were randomly coded (Table I) and 


supplied to the contractor for analysis. 
b) Analysis 


Samples were weighed accurately and transferred to test tubes. Aqua 
regia (0.5 mL) was added and the samples were digested for one h on a hot 
water bath. Concentrated nitric acid (10 drops) was added and the samples 
were heated for another hour. A further half-hour of heating followed 
addition of 5 drops of 30% hydrogen peroxide. Samples were cooled and diluted 


to 10.0 mL for subsequent analysis by atomic absorption spectrophotometry. 


Analysis was performed with Perkin-Elmer Model. 603 (flame aspiration) or 


Model 306 (heated graphite analyser) atomic absorption spectrophotometers. 


is £A0G 
Zinc was determined by direct aspiration and flame atomisation with 
background correction. Reagent blanks were less than 0.01 mg ee 
ii Copper 
Copper above 0.02 mg ie was determined by direct aspiration and flame 


atomisation with background correction. Below 0.02 mg i determinations were 


made by graphite analyser. Reagent blanks were less than 0.001 mg fie: 


iii Cadmium 
-l 
Cadmium above 0.02 mg L~ was determined by flame atomic absorption 
with background correction. Below 0.02 ere the graphite analyser was 


utilised. Reagent blanks were less than 0.001 mg eh; 
Final concentrations of the elements were reported in mg ae (dry weight). 


For comparison five submitted samples chosen at random and five NBS 
Certified Standards were analysed using a Jarrell-Ash Model 975 Inductively 


Coupled Argon Plasma Spectrograph. 
Results and Discussion 


Analytical data for the 17 dumpsite stations and one control station (F) 
off the Sechelt Peninsula are presented in Table 1, 

a) Copper 

Values for copper throughout the 17 dumpsite stations ranged from 1.9 mg 
ea! (dry weight) to 24.0 mg oe hy The overall mean was 5.8+5.1 (lo). Of 
more significance are the means on a station-to-station basis which ranged 
from 3.8 mg pee (Station '5) “to 0.1 ng eT (Station 40). Considering the 
large standard deviations there is no possibility of there being any significant 
difference between means for various areas in the dumpsite; nor are there any 
obvious trends in the copper data. Insufficient control data do not permit 
any valid comparison with M. tntermedta from other locales, however it can 
be noted that copper data for Control F were similar to those for the dump- 


site organisms. 


Comparison of values for copper from the 1976 sampling (Thompson and 
Paton, 1978a) with these results shows that the mean copper concentrations 
in the latter are about one fifth as great. The reason for this is not 
easily explainable. Analytical procedures were identical and the use of 
NBS Standards shows that recoveries are within the acceptable limits. It is 
possible that there was a real decrease in copper content but the probability 
of a decrease of this magnitude occurring in a period of about 14 yr is very 


slight. 


Another possibility, though also remote, is that the NE quadrant, 
studied previously, (Thompson and Paton, 1978a) is richer in copper and zinc 
to some extent (see below) compared to the other quadrants. The NE sector 
ig nearest the influence of waters from Howe Sound, (see Fig. 1), a source 
of copper and zinc (Thompson and McComas, 1974; Thompson and Paton, 1976, 
1978b) Burrard Inlet (surrounded by metropolitan Vancouver) and the north arm 
of the Fraser River. Surveys done by the Environmental Protection Service 
(Hoos, 1977) indicated that sediments in this quadrant contained higher 
amounts of copper than sediments in the other sector. We do not have sufficient 
data from this present study to indicate whether or not copper levels in 
M. intermedia from this quadrant are as high as found previously. Stations 
9, 25, 27 are the only ones sampled in both studies. Here mean copper 
concentrations in M. intermedia were 4.8, 4.3 and 7.2 mg teen respectively 
against 20, 40 and 23 mg ova in the 1976 study. These data would suggest 
that some other factor (possibly an operational one) has contributed to this 


considerable change. 


byaiZine 

The range of values (Table 1) for zinc for all dumpsite stations was 
118-167 mg ae The grand mean and the mean of station means were 
139+12 and 137+8 mg oe respectively. The greater precision here of about 
only 8% compared to about 80% for copper reflects the more easily measured 
quantities of the former. Here, also, there are no trends for data eae 
station to station. The mean value of 128 mg cae for the control station 
is equivalent to or greater than means for three stations within the study 


area. 


Similar to copper, zinc exhibited a decrease of 32 mg pee mean value from 

that from the previous study (Thompson and Paton, 1978a). There was also a 
notable decrease of from 32% to 8% in the relative standard deviation which 

may reflect better analytical methods or sampling control or a combination 

of these. A statistical treatment of these two data sets (Student's be'> 
indicated that they were significantly different at P < 0.05. Comparison of 
values for zine at the three stations common to both surveys demonstrated a 
similar disparity. It might be concluded that better analytical quality 


control was responsible for these decreases. 


c) Cadmium 

Values for cadmium shown in Table 1 are close to those reported previously. 
(Thompson and Paton, 1978a). They range from less than 0.1 to 5.4 mg aa 
The mean of 1.4t1.3 mg tact agrees well with a value of 1.7+1.4 in the 1976 
study. Here there appears to be some trend in concentrations, with the higher 
means appearing within and to the west of the immediate dumpsite. A mean of 
1.9 mg ay for the control samples, however, is well above the inter-station 


| 
mean of 1.3 mg kg , and negates the probability of site-specific influences 


in the dumpsite given the very large deviations of the mean. 


In the previous report (Thompson and Paton, 1978a) it was shown, by 
provision of standards as dummy samples, that some data were of questionable 
use. There had been very poor agreement between data for lead in NBS 
bovine liver submitted to the contractor by us and data from the contractor's 
bovine liver samples. In this present study, data for submitted standards 
(NBS Bovine Liver and Orchard Leaves) agreed very well with certified values 
(Table 2) and as well with values obtained for contractor samples. These 
results would indicate that the analytical method used provided both 


accurate and precise measurements. 


Useful comparisons were provided by utilizing data obtained from the 
inductively coupled plasma (ICP) spectrograph. Five samples were chosen at 
random by the contractor and were analysed for several elements. Table 3 
presents data for twelve of these elements including the three being investi- 
gated in this work. By coincidence three of the five samples chosen were 
from station 34. Data obtained allowed some intra-station comparisons to be 


made, 


Copper, zinc and cadmium values from atomic absorption and ICP sources 
agreed (Table 3) very closely with the largest deviation being only 11 mg ame 
for zinc in sample 34(3). This good agreement again illustrates the degree 


of dependability of the analytical procedures used. 


As can be seen, the data for nine other elements shown in Table 3 exhibit 
some degree of variability, especially in the cases of calcium and iron and 


to a lesser extent, silicon. Taken individually, high values for iron and 


calcium in samples 4(5) and 34(4) would suggest possible contamination from 
sediment particles. However, except for higher levels of silicon and strontium 
in sample 4(5), other data, notably those for copper and zinc are not 


concomittantly higher as might be expected if sediments were the source. 


The arsenic values are of interest as they demonstrate that M. tntermedta, 
like a number of other invertebrates, possess a strong tendency to concentrate 
this element. Vertebrate fishes normally contain arsenic at the low mg kg 


level. 


The intent of this and the preliminary study (Thompson and Paton, 1978a) 
was to determine: 1. The usefulness of the holothurian, Molpadta intermedia, 
as a suitable monitor species for heavy metal contamination and 2. Whether 
or not the use of the dumpsite in Georgia Strait off Pt. Grey for several 


years had resulted in heavy metal contamination. 


We were thwarted in our efforts at the outset of sampling because it 
became apparent that there was a paucity of suitable control sites. We had 
used Control Station F in the first sampling and were confident that 
suitable numbers for comparison with animals from the dumpsite would be 
obtained. Besides various sites in Georgia Strait we also made an extensive 
search in the Satellite Channel area north of the Saanich Peninsula, having 


had previous information regarding their availability there. 


Although a sometimes inordinate number of casts of the sampler were 
required we were able to obtain sufficient quantities of ™. intermedia at 
most stations in the dumpsite area. The relatively large population of this 
species and another holothurian, (Chirtdota sp.), in the dumpsite area had 
been noted previously by Hoos (1977). The abundance of benthic infauna in 
general was notable throughout the entire area. Whether this was due to an 
improved habitat provided by dumped material or a normal situation cannot be 
determined. Some influence from the nearby Fraser River might be a contributing 


factor also. 


Thus, because of the lack of control samples a valid statistical analysis 


of comparative copper, zinc and cadmium concentrations cannot be made. The 


considerable natural variability of copper and cadmium in M. tntermedia 
would, furthermore, prevent comparison, even with suitable controls unless 


a very sizable uptake of these elements occurred. 


A third factor which would be of some importance in any possible 
utilization of M. tntermedta would be sample size since the major part of the 
organism consists of sediment-filled digestive tract. The allowance for 
depuration period is used commonly when bivalves such as the mussels are 
collected for contaminant studies. Application of this technique to 
M. tntermedita however would not appear feasible as a means of inducing the 


animal to discharge gut contents. 


The data reported here and in our previous study (Thompson and Paton, 
1978a) are probably the first published for trace elements in organisms of 
this class (Holothurotdea). Because of this it is not possible to make 
comparisons with data from other locations. There are some data available 
for classes in the same phylum (Echinodermata). Riley and Segar (1970) report 
data for eighteen elements in starfish (Asteroidea), and urchins (Ecehtnotdea) 
which are epibenthic feeders. Copper, zinc, cadmium, manganese and calcium 
values reported are similar to those given here. Iron was highly variable 
as was the case with M, tntermedia. There have been some unsubstantiated 
claims that holothurians are noteworthy collectors of iron; however there are 
not concrete literature data to support these claims, nor do our data give 


them support. 


Finally, if the problem is considered in terms of the need for a suitable 
organism for use as an indicator of contamination from dumped wastes it is 
suggested that M. intermedia does not meet requirements. An alternate 
approach, possibly using some long-term bioassay procedures or another as 
yet unidentified benthic organism might be considered if the need for such 


an indicator is still considered necessary. 


Conclusions 


The metals copper, zinc and cadmium have been determined in the 


holothurian Molpadita intermedia obtained from nineteen stations in the area 


of the Pt. Grey dumpsite and one control station. Analytical results 

indicate that there are no trends in the station-to-station distribution 

of any of the three elements studied. A statistically significant (P < 0.05) 
decrease in zinc concentrations between these results and those reported 
previously (Thompson and Paton, 1978a) was observed. A similar, but not 
significant decrease for copper was also noted. Reasons other than analytical 


can be suggested but not identified. 


The organism is not suitable as a monitoring species because of wide 
natural variability, small sample sizes and lack of sufficient control 


specimens. 
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Table 1 


Heavy Metal Concentrations in Muscle Tissue of Molpadia intermedia 


Station Code No. Cu 83 Zn - Cd rs 
(sample #) mg.kg mg.kg mg.kg 
F(1)* 69 4.6 112 12 

(2) 57 8.0 132 alge 

(3) 47 15.5 124 see! 

(4) 25 243 145 Ook 

(5) 10 259 130 2 oF 

x 6.6 129 pa) 
O +54 +12.0 +1.2 
ep) 66 S17 145 0.7 

(2) 55 15.6 126 <O7o 

(3) G4: 9 131 053 

(4) 33 ra 145 <0.3 

(5) 92 237 137 0.6 (n=3) 

x 6.6 137 0.5 
Oo £565 S64 theZ 
2(1) 73 14.7 154 1.6 

(2) 38 243 148 0.8 

(3) 19 243 130 0.5 

(4) 4 2.8 153 1s 

x 5.5 146 1.2 
Oo +6.1 +11 +0.5 
4(1) 15 1.9 138 (oes 

(2) 28 Atl 161 0.3 

(3) 48 4.0 150 0.9 

(4) 59 2650 137 142 

(5) 74 4.4 143i 4.3 

x 788 141 £6 
Oo +9,2 +15 +1.6 
5(1) 67 517 145 Oo7 

(2) 18 29 130 0.5 

(3) 30 261 154 0.5 

(4) 68 4.0 134 0.3 

(5) 39 563 145 <1.3 

x 3.9 142 0.5 (n=4) 
oO +1.7 +10 0.2 
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Table 1 con't 


Station Code No. Cu Ly Zn ay Cd ) 
(sample #) mg.kg mg.kg mg.kg 
7(1) 78 20.2 118 0.5 
62) 16 bw S 128 0.4 
(3) 51 20 141 “O27 
x 8.9 129 0.5 (n=2) 
Oo +1.0 +12 +0.1 
9(1) 6 1.9 144 0.7 
ey) 17 229 124 0.7 
(3) 40 6.3 a2 Od? 
(4) 53 3.9 132 Lec 
(5) 65 9.2 148 2.4 
x 4.8 136 1.0 
re} #9 zal AG) +0.8 
11(1) 3 50 142 137 
(2) 76 3.6 145 0.4 
(3) 39 2.8 134 0.2 
(4) 58 6.6 154 5.0 
(5) val ee 127 <O$1 
x 5 141 1.8 (n=4) 
Oo +1.5 +10 +2,2 
13(1) 54 Bi 124 <Q 
rad, 5 17.6 142 1% 
(3) 70 Dae) Pat Oo? 
(4) 37 m5 139 L2G 
x 6.2 132 O87 *(n=3) 
fe} 7 7 a1 +0.5 
15(1) 23 27 142 Os? 
(2) 49 6.9 132 3.8 
(3) 62 1452 136 5.4 
x he 9 138 3.54 
Oo +5.8 + 5 +2.4 
25(1) iB ough 148 tas 
(2) 35 Se 133 Lek 
(3) 50 8.2 143 <0.4 
(4) 61 2.2 136 0.3 
(5) 72 2.4 167 023 
x 4-3 145 0.8 (n=4) 
o £25 +13 +0.5 
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Table 1 con't 


Station Code No. Cu ie Zn 
(sample #) mg.kg mg.kg 
27(1) 77 23 3 144 

(2) 9 is 141 
(3) 45 4.2 120 
(4) 71 2.9 131 
(5) 36 3%5 143 

x 722 136 

Oo +9.0 +10 

29(1) 26 2.9 127 
(2) 42 5.6 150 
(3) 60 3.8 140 
(A) 79 220 145 

x 3.6 141 

fo} £1 3 aA) 

BEL) 46 ye eal 
34(1) 25 3.8 154 
(2) 7 8.5 125 
(3) 56 Sak 147 
(4) 13 6.6 139 
(5) 34 1.9 150 

x 4.2 143 

oO ella. bey 

36(1) i 3.0 128 
(2) 14 8.6 120 

x 5.8 124 

oO - _ 

38(1) 12 4.5 129 
C2) 24 5.0 139 
(3) 63 sea 147 
(4) 41 2.9 160 
Ey 31 5.6 163 

x 4.6 147 

) +1.0 +15 

40(1) 2 14.9 132 
(2) 8 2.9 134 
(3) 20 6.5 152 
(4) 29 nae) 152 
(5) 43 16.6 137 


(n=4) 
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Table 1 con't 


Station Code No. tl zn a Cd _ 
(sample #) mg.kg ng.kg ng.kg 
x Oo 141 1.8 
oO es +10 +¥J0 
Mean for all TO fr ced p39 + 12 1.ues 1.3 
samples 
Mean of Stations 5.9.+ 1.8 tay + 6S 1.323 0.7 
means 


2control Station - Georgia Str. off Sechett Penninsula 
(h0° D1 S6'N, a8" 34.8'W) 
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Table 2 


Metal Concentrations in NBS Certified Standards 
(Submitted with M. tntermedta Samples) 


Sample # Code # Cu _ (Ase as 
mg.kg mg.kg 
Orchard Leaves if pee 10.9 23 
(SRM 1571) 2 5? y Oe 23 
3 64 ELGG 24 
4 81 Lio 26 

me. 11.4 24.0 

oO +0.44 +1.4 
Certified Value 12:41 2 ates 
Bovine Liver ik 80 193 181 
(SRM 1577) Z 82 189 131 
pion pu KO 131 


Certified Value 193 + 10 boO.t! 10 
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Caption to Figure 1 


Location of Pt. Grey dumpsite and stations occupied in present study. 


Numbers correspond to those determined by EPS (Hoos, 1977). 
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Abstract 


This report describes Loran-C skywave reception in the Beaufort Sea. 
The accuracy of Loran-C positions using this mode of reception is evaluated. 
Omega reception was also monitored in the Beaufort Sea and the accuracy 
of positions obtained with an MX1105 Satnav/Omega receiver are given. 
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Introduction 


The Beaufort Sea extends northward from the Canadian and Alaskan coasts 
into the Arctic Ocean west of Longitude 128°W. It is an area of intensive 
petroleum resource exploration activity and there is a possibility that oi] 
tanker traffic will develop.in the next few years. The continental shelf 
extends up to 75 nautical miles’~(nm) out from the low-lying coastline. 

The shelf is liberally scattered with shoal pingo-like features which rise 
to within 16 metres (m) of the surface. These shoals, together with the 
poor radar targets presented by the low-lying coast, present problems for 
the navigator who already has to cope with the usual hazards of arctic 
navigation. 


Several navigation systems and techniques are available in the 
Beaufort Sea. This area is, of course, covered by the U.S. Navy Satellite 
Navigation system (Satnav) and by Omega. There is a potential for limited 
Loran-C reception using skywaves from the existing chains in Alaska. Seven 
radar beacons operate from positions along the shore, providing targets with 
radar ranges of up to 25 nm. Several air radio direction finder beacons 
exist in the area, and V.L.F. (Very low frequency) transmissions may be 
available from several stations in the northern hemisphere. The oil 
exploration companies use a number of precise inshore positioning systems such 
as Argo and Syledis. The Polar Continental Shelf Project (PCSP) of the 
Department of Energy, Mines and Resources intermittently operates a Decca 6F 
chain providing coverage of portions of the Beaufort Sea. So for offshore 
navigation, there already exist three potentially useful systems covering 
all-of the Beaufort.Sea: 4) Satnav, (2)-Omegay?(3) ‘Loran-C. 


Satnav provides accurate fixes on the average every 50 minutes at these 
latitudes. However gaps between passes may be as long as three hours, either 
due to the geometry of the current satellite orbital configuration or 
to interference occurring when two satellites are above the horizon. The 
Satnav system has been successfully used in this area since 1970 and continues 
to be used for precise drill ship positioning, survey work and general 
navigation. However unless Satnav position information is integrated with 
data from some other system it does not provide continuous positioning 
information. 


Omega is one of the radio navigation systems that provide continuous 
coverage in the area. Phase comparisons are made using V.L.F. signals 
(10.2, 11.3:and 13.6 Khz). This system, unless used in conjunction with 
Satnav or with local monitor, does not provide the accuracy that is usually 
required for navigation on the continental shelf. Omega reception is also 
subject to diurnal propagation changes, sudden ionospheric disturbances, polar 
cap disturbances and from inadequately modelled propagation path conductivity 
variations. Signals from four of the eight Omega stations can be regularly 
received in the Beaufort Sea area. The stations are Norway (A), Hawaii (C), 
North Dakota (D) and Japan (H). It is interesting to note that the V.L.F. 
propagation path from Norway to the Beaufort Sea does not pass over the 
Greenland icecap. Therefore this particular signal is not as strongly 
attenuated as it is in the eastern Canadian Arctic. 
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Figure 2 


Two Loran-C chains operate in Alaska, and are designed to provide 
groundwave coverage of the Gulf of Alaska and the Bering Sea. However, 
Loran-C has a predicted one-hop skywave range of about 1300 nm. Therefore, 
transmissions from five stations in Alaska can usually be received. One of 
the signals, from Tok (7690 M) can be reliably received on groundwave, at 
least during the summer. The other stations providing skywave coverage are 
Narrow Cape (7960-X, 9990-Z), Shoal Cove (7960-Y) ,. St. Paul ts. (9990-M) and 
Port Clarence (9990-Y). (See Figure 1.) 


Purpose of Tests 


Reports of reasonably reliable Loran-C reception were received from 
ship operators in the Beaufort Sea in 1977 and 1978. In response to these 
reports a series of tests was made in August, 1979. In addition to the 
Loran-C measurements the opportunity was taken to investigate Omega reception 
in the area. 


The Loran-C tests were made to show the availability and stability of 
signals from the Alaska transmitters at three sites in the Beaufort Sea 
area, (1) at Tuktoyaktuk, (2) at the Nerlerk M-98 drill site in CANMAR 
Explorer 1 and (3) at Cape Parry. (See Figure 2.) The tests were designed to 
establish the extent of Loran-C groundwave reception, the reliability and 
stability of Loran-C skywave reception, and the accuracy of time difference 
(T.D.) and time of arrival (T.0.A.) position lines. Data were collected to 
define the signal to noise ratio (S.N.R.), the envelope to cycle difference, 
the receiver gain (which can be related to field strength), the T.0.A. and 
T.D. of Loran-C signals. 


Omega data were collected at Tuktoyaktuk and in CANMAR Explorer 1. For 
this navigation system signal to noise and position information were measured 
at both sites. An attempt was also made to estimate the effect of 
differential corrections. to Omega positions. However, the permanent Omega 
monitor at Inuvik was not operational when the measurements were being made 
in the Beaufort Sea. Some data from this monitor were made available by the 
United States Coast Guard for a short period after our observations were made. 


Equipment 


To monitor the Loran-C signals in the Beaufort Sea an Austron Loran-C 
receiver system was used. The system was controlled by a monitor program 
similar to that used for operational chain monitoring. The system was made 
up of the following equipment: 


ustron 5000 Monitor Receiver 

E.C. PDP8E Computer 

. A.S.R. 733 Data Terminal 

. 5062-C Cesium Frequency Standard. 


1A 
PO. 
leche et 
es 
Loran-C T.D., phase, gain, cycle and noise information was logged on 
Phillips cassettes and later transcribed to Hewlett Packard cartridges for 
data processing. 


To monitor the Omega signals Magnavox 1105 Satellite/Omega Navigator was 
used. This instrument was lent to the CHS by the Magnavox Government 
and Industrial Electronics Company of Torrance, California, through Marinav 
Ltd. of Ottawa, Ontario. The MX1105 combines information from a single 
channel (400 mhz) satellite navigation system receiver with data from a three 
frequency Omega receiver through a Z80 microprocessor. This system produces 
satellite positions, Omega positions and signal/noise and position line bias 
information, also integrated position estimates from both navigation sensors. 
Provision is also made for ship's log and gyro input, although this feature 
was not used in the tests. The MX1105 designates the integrated positions - 
Nav. | for the Satnav/Log/Gyro combination and Nav.2 for the Satnav Omega 
combination. 


Measurements at Tuktoyaktuk 


Loran-C signals were monitored at Tuktoyaktuk, in CANMAR Explorer 1 
and at Cape Parry. At Tuktoyaktuk, the Loran-C equipment was set up at 
the Polar Continental Shelf Project (PCSP) base. The antenna, a 2.5 m 
whip, was placed on the roof of the building about 10 m above the ground 
and about 15 m above sea level, well clear of all obstructions. Monitoring 
started at 1500 local time (2200Z) on August 4th, 1979. The transmissions 
for the Gulf of Alaska Chain (7960) from Tok (Master) and from Narrow Cape 
(X-Secondary) were quickly acquired. The transmissions for Bering Sea 
Chain (9990) from Port Clarence (Y-Secondary) and again from Narrow Cape 
(Z-Secondary) were also easily acquired. At about 0100 local time, just 
after sunset, the signals from Shoal Cove (7960, Y-Secondary) and from 
St. Paul Is. (9990, Master) were acquired. The signals from these five 
stations were tracked continuously for 72 hours with only occasional cycle 
skips on the transmissions from Shoal Cove, Narrow Cape and St. Paul Is. 

A data set, defining T.0.A., T.D., Gain, Noise and Cycle, was logged every 
15 minutes. 


Some interference to Loran-C reception was observed at Tuktoyaktuk. 
This interference was observed on the scope of the Austron 5000 receiver as 
a transmission somewhere close to 100 Khz formed into a continuous pulse 
train, the pulse envelope having a wavelength approximately ten times that of 
the basic frequency. This continuous pulse train swept across the scope 
with an apparent repetition interval of 85,000 microseconds. The pulses 
reached their maximum amplitude during the afternoon, then decreased to a 
minimum at night. 


A spectrum analyser showed a reasonably clean spectrum around 100 Khz, 
with the Loran-C signals easily identifiable above the noise, at about -100 
dbm. However, the analyser did show a pulsed transmission sweeping this area 
of the spectrum. The Tuktoyaktuk DEW line station chief reports interference 
on some of their equipment at 121.5 Khz. 


The Omega and Satnav antennae for the MX1105 system were also placed on 
the roof of the PCSP base at Tuktoyaktuk about 3 m away from the Loran-C 
antenna and from each other. It took this system about 6 hrs to acquire 
and synchronise with the Omega transmissions of Tuktoyaktuk. Data relating 
to Omega and integrated positions, and Omega signal quality were logged every 


30 minutes for 72 hours. For the next 48 hrs the itX1105 system was used as 
a stand-alone Omega receiver and Omega position data was again logged every 
30 minutes. 


Measurements at Nerlerk in Explorer 1 


Radio navigation signals were monitored in CANMAR Explorer 1, a drill 
ship working about 60 nm north of Tuktoyaktuk in the Beaufort Sea. The 
ship was, for our purposes, stationary on the drill site. The Loran-C 
antenna was mounted on the bridge wing about 15 m above sea level. The 
Omega and Satnav antenna were placed on the flying bridge about 20 m above 
sea level. The drill rig tower was about 30 m northwest of the antenna and 
obviously such a massive structure would not enhance low frequency phase 
measurements. Also the drill ship provided a ''noisy'' environment for 
monitoring radio signals. However, no major distortions in accuracy of 
position data collected in CANMAR Explorer 1 could be attributed to either 
the rig or the ''noise’'. 


In the drill ship, Loran-C signals from Tok (7960-Master), Narrow Cape 
(7980 - X-Secondary, 9990 - Z-Secondary) and Port Clarence (9990 - Y-Secondary) 
were quickly acquired under daytime conditions. The transmission from Shoal 
Cove (7960 - Y-Secondary) was acquired at sunset. It was not possible to 
acquire the signal from St. Paul Is. (9990 - Master) until the second night 
in the ship. Transmissions from these five stations were monitored for 
72 hrs. Considering the noisy environment, receiver tracking ability 
appeared acceptable as only about two cycle skips per day were experienced 
for each station; except Tok which was completely stable. 


Difficulty was experienced in acquiring the Omega signals onboard the 
drill ship. The MX1105 was operated for 24 hrs before synchronization 
with the Omega transmissions was established. Once synchronization had 
occurred, strong signals were received from five Omega transmitters 
(A, C, D, G, H) for the following 24 hrs. At this time, the MX1105 was put 
into the Omega stand-alone mode. However, the system lost the Omega signals 
at about 0200 local time (middle of the night). Upon re-synchronization 
only three Omega stations (C, D, G) were tracked and they were erratic. 
Good position data was not obtained again until well after sunrise from 
either the integrated or stand-alone Omega systems. 


Measurements ot) Cape Farry 


Only Loran-C transmissions were monitored at Cape Parry, which is 180 nm 
east of Tuktoyaktuk. The Loran-C monitoring equipment was set up at the 
DEW line site and the whip antenna was mounted on the roof of the building 
about 100 m above sea level and 80 m from the radar dome. Signals from 
four Loran-C stations were monitored for 48 hrs. Stations at Tok (7960 - 
Master), Narrow Cape (7960 - X-Secondary; 9990 - Z-Secondary) and Port Clarence 
(9990 - Y-Secondary) were acquired within 3 hrs of setting up during the 
afternoon. Shoal Cove (7960 - Y-Secondary) could not be acquired until 
sunset. It was not possible to acquire the signal from St. Paul Is. 
(9990 - Master) during this 48 hr period. Radio interference throughout 


the monitoring period at Cape Parry was minimal. An attempt was made to track 
skywave from Tok (7960 - Master) during the night at about 0100 local time. 
The skywave on this transmission was distinctly separated from the groundwave 
for only a short period of time, but enough measurements were made to enable 
the night time ionospheric height to be estimated. 


Loran-C Data 


Figures 3 through 8 show the information collected at Tuktoyaktuk 
for the two chains monitored. Times of arrival, in microseconds, of the 
various transmissions are plotted for the three days. All but the signals 
from Tok (7960 - Master) show the effects of skywave propagation. The 
a vie shown on the graphs is related to envelope-to-cycle-difference 
Ewe Dar jes 


bey et 50 = tvele.. 2). -x 10. 


Gain numbers from the Austron Loran-C Monitor system are shown on these figures. 
They can be related to field strengths for the signals through: 


= TTO"="Gatn # (db) 
F= 50 x 10 TIE ais RL aan 


where F = Field Strength (microvolts per metre). 


Data collected at Nerlerk (CANMAR Explorer 1) is shown in Figures 9 
through to 14. Again all the T.0.A.'s plotted, except those from Tok (7960 - 
Master) show skywave activity. The measurements made at Cape Parry are 
graphed in Figures 15 through to 19. 


Omega Data 


The position data generated by the MX1105 Omega/Satnav system are 
shown in the figures in Appendix |. In this appendix the latitudes and 
longitudes for Satnav fixes, for the integrated (Nav. 2) positions and for 
the Omega fixes are plotted as time series, for each day and as three day 
blocks. 


Scatter plots for the positions given by the MX1105 at Tuktoyaktuk, from 
Satnav, Omega and integrated (Nav. 2) outputs are shown in Figures 20 to 24. 
Figures 25, 26 and 27 show the scatter plots of positions from the MX1105's 
three position outputs at Nerlerk (CANMAR Explorer 1). 


Loran-C Reception - Groundwave from Tok 


The distances from the monitor sites in the Beaufort Sea to the 
transmitters are given in Table |. 
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Table | 


Distances to Transmitters (in nautical miles) 


Transmitter Tuktoyaktuk Nerlerk (EZxp.7) Cape Parry 
Tok 435.87 481.54 2 pe | WA he 
Narrow Cape 882.04 920.68 1043.99 
Shoal Cove 843.81 906.12 903.40 
Su. raul 1s. 1218.54 1230.74 1396.80 
Port Clarence 813.29 808.12 985.42 


The theoretical extreme usable ranges of the stations, assuming a receiver 
that will acquire the signal with a signal-to-noise ratio of 1/3, an 
average conductivity along the groundwave propagation path of 0.001 mhos/metre, 


and an atmospheric noise level of 55db above 1 microvolt per metre, are listed 
in Table 2. 


Table 2 


Theoretical Receivable Ranges (Groundwave) 


Transmitter Peak Power Range 

Tok 540 kw 540 nm 
Narrow Cape 400 kw 520 nm 
Shoal Cove 540 kw 540 nm 
St Paute is; 275 kw 490 nm 
Port Clarence 1000 kw 570 nm 


As predicted, only the transmissions from Tok were received by groundwave 
propagation. At Cape Parry, 590 nm from Tok the signal was not acquired 
instantaneously as at the other monitoring sites. Therefore, it appears that 
approximately 600 nm is the maximum overland range of the Tok transmission 
to the Beaufort Sea area. This 600 nm range is slightly higher than the 
predicted 540 nm maximum range and may imply the possibility of slightly 
higher ground conductivities (0.001 mhos/metre) than were used in the 
prediction. 


Using the gain measurements from the Austron 5000 monitor system, field 
strengths in the Beaufort Sea ranged from 110 microvolts/metre at Tuktoyaktuk 
down to 40 microvolts/metre at Cape Parry for the Tok signals. The noise 
numbers observed on our receiver seldom exceeded 250 at Tuktoyaktuk, 150 at 
Nerlerk (HZxplorer 1) and 100 at Cape Parry. So actual noise levels in the 
Beaufort Sea this August appeared to be fairly low, ranging from -20 db 
above | microvolt/metre to -10 db above | microvolt/metre. Diurnal 
variations in noise level were not detectable. Envelope-to-cycle-difference 
from the Tok transmission ranged from -2 to -3 microseconds at the monitor 
sites. Signal acquisition was satisfactory at the two western sites and 
tracking ability was good at all three sites. 
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Loran-C Skywave Reception 


First hop Loran-C skywave transmissions have a theoretical maximum 
range of about 2300 nm. Therefore the Beaufort Sea should be well within 
skywave reception range of the Alaska Loran-C stations. However, the 
signals from St. Paul Is. (9990 - Master) were difficult to acquire at 
Tuktoyaktuk and Nerlerk, and were not acquired at all at Cape Parry. The 
St. Paul Is. transmitter has a peak power of 275 kw. It was also impossible 
to acquire the Shoal Cove signals at any of the monitor sites during day 
time, even though this station has a peak power of 540 kw. 


Loran-C Reception from Narrow Cape 


Narrow Cape transmissions were quickly acquired at Tuktoyaktuk and 
at Nerlerk. They were tracked reasonably steadily at all three sites, 
although cycle skips occurred on most nights when the signals were 
monitored. Figures 4, 8, and 10 show a correlation of change in T.0.A. 
and the variation in measured E.C.D. as the ionospheric height rises 
and falls at sunset and sunrise. A diurnal variation is also seen in the 
gain and noise data. 


Shoal Cove Reception 


This station has a north-south propagation path to the Beaufort Sea 
and consistent tracking of Shoal Cove signals is difficult. Two or three 
cycle shifts were noted each night. At Nerlerk and at Cape Parry the monitor 
system could only erratically indicate a cycle number. Signal to noise 


measurements and receiver gain numbers indicated a weak signal. At 
Tuktoyaktuk large diurnal variations in E.C.D. were noted as the ionosphere 
changed height. It was possible to track third cycle of this signal for only 


one daylight period at Tuk. 


St. Paul Is. Reception 


At Tuktoyaktuk and at Nerlerk the St. Paul Is. signals were tracked 
quite steadily. Cycle skips occurred on one night at Tuktoyaktuk and one of 
the two nights at Nerlerk. £.C.D. at Tuktoyaktuk showed a marked correlation 
to shifts in ionospheric height. At Nerlerk, £.C.D. measurements also show 
this correlation although the logging period was limited. Signal to noise 
and receiver gain data indicate a weak signal; and as it was not possible 
to monitor this signa] at Cape Parry it is assumed its range limit is somewhere 
around Longitude 132°W. 


Port Clarence Reception 


The east-west path from Port Clarence to the Beaufort Sea provides good 


skywave propagation conditions. A stable signal was received at all three 
monitoring sites. 


37 


Only one cycle skip occurred during the monitoring periods at Nerlerk 
and one at Cape Parry. The E.C.D. measurements show a distinct dip as the 
ionosphere rises at sunset. There is a slight recovery in E.C.D. during the 
night; then there is another distinct dip at sunrise as the ionosphere returns 
ta daytime levels. This effect is seen best in the data collected at 
Tuktoyaktuk in Figure 7. Signal/noise and gain data indicate the Port 
Clarence signal was the strongest and most stable of the available skywave 
signals. The path from Port Clarence to the Beaufort Sea does not experience 
complete night effect during early August. Therefore, the change in 


ionospheric height will probably be less that for the other transmission 
paths monitored. 


Skywave E.G. 0. and. T.0.As Variation 


As noted earlier, when the T.0.A. of a Loran-C transmission is delayed 
due to a rise in ionospheric height, the E.C.D. changes. Therefore, it may 
be possible to use E.C.D. measurements to predict change in T.0.A., assuming 
E.C.D. does not change due to other causes within the limited area of 
interest to the operator. The relationships of E.C.D. to changes in T.0.A. 
can be seen in Figure 32. If, an E.C.D. measurement could be used to predict 
change T.0.A. it would be independent of time and estimates of ionospheric 
height. Thus the use of skywave Loran-C position lines could be extended to 
the periods after sunset and before sunrise when the ionosphere is moving 
rapidly. A simple quadratic model, based change of E.C.D. per hour, gives 
the absolute value of change of T.0.A. for the next hour. 


Alec! = S0.15UAC y+ 0.38(ACc.)? 
where AC. = change of E.C.D. during the preceding hour 
AT = predicted change of T.0.A. during the forthcoming hour. 


i+] 


This model was based on the nice data from the Port Clarence transmissions 
received at Tuktoyaktuk. When used to predict changes of T.0.A.s for other 
transmissions, it produces estimates with rms errors of about +] 
microsecond per hour. If E.C.D. measurements are to be used as predictions 
for T.0.A. changes, obviously a physical explanation will be required for 
the relationship. It may then be possible to derive a general and more 
accurate model. 


Skywave Propagation Corrections 


Several authors have reported on skywave propagation models that 
predict phase lags and their diurnal and seasonal variations. These works 
are reviewed in Reference 2. For low frequencies, 70 to 245 Khz, Belrose 
estimates that the effective heights of ionospheric reflection are about 
90 km at night and 72 km by day, at ranges in the order of 1000 km (3). 


Davies (Ref. 2, p.418) gives the following equation to relate phase change 
to height change 
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Figure 32 


ch A : 
Ao = 2nd E a Tone? hy radians 


where Ad = phase change in radians 
d= distance, transmitter to receiver (km) 
h = mean ionospheric height (km) 
Ah = height change (km) 
4 = wavelength (km) 
a = earth radius (63/71 km) 


With specific reference to Loran-C, Doherty in Reference 4 found phase 
changes equivalent to a 22 km apparent height change when working in the 
Bering Sea. Work in Norway, described in Reference 5 (Larsen and Thrane) 
reports that effective reflection heights for Loran-C pulses to be between 
50 and 60 km during the day and about 83 km at night, for a range of 300 km. 
lt appears that Larsen and Thrane calculate only a slight change in effective 
height with range. 


Automated Offshore Navigation Inc., referred to by D. Livingston 
(Bedford Institute of Oceanography, Dartmouth, N.S.) in Reference 6, gives a 
geometric model to predict skywave phase delays. 


MSHS : 91463/1+(1-Cos. 0 | 
Ad = lat Jad, Sin <2 arcetan Perse | 


Li Seyvsorerd 


where O 


D = distance (km) 


and Ad = delay in km due to ionospheric shift from 59 to 91 km. 


The United States Defense Mapping Agency uses another formula to compute 
Loran-C skywave delays. 


(a)i Di'= M2 [ov + ha(a + h) sin2 (aps) - a 0o< $< NS max 


where D = Total Skywave Delay in microseconds 
D' = Principal part of the Nth hop skywave delay in microseconds 
= -0.3 + 0.002085 0<€ S< NS max 
= -0.3 + 0.00208NS max NS maxf § 


d 

d 

N = Number of hops 

C = Velocity of light = 299.792458 x 10 3 km/microsecond 
h 


= Apparent height of the ionosphere in kilometres 
91 kilometres (night) and 73 kilometres (day) 
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Effective earth radius = 8490 kilometres 
S = Groundwave path length in kilometres 
S max 2] 2ah 

NS max N(2 J 2ah) 


When NS max < $ the value of D! becomes a constant formula (a) becomes: 


N 2 S max S max 
a De L 2 = 
D = ro 2 h + a(a oF h) sin (Seam N 


Loran-C Diurnal T.0.A. Changes 
The observed chang2s in Loran-C T.0.A.s due to change in ionospheric 
height are listed in Table 3. 
Table 3 
Loran-C Diurnal Phase Changes (in microseconds) 


At Tuktoyaktuk. 


7960X 7960Y 9990M 9990Y 99902 

Obs. Night | Nb ae 8 hizs 8.8 8.0 3.1 
A ae: 12.0 age! o.2 + ee: 13.2 
# a ee 11.0 I25 8.6 6.4 12,9 

At Nerlerk, CANMAR Explorer 1. 

Obs. Night |] L332 7.8 = 7.8 13.6 
i a’ 16.6 Bay 1.8 5.9 13.0 
- Ly aed L6.2 2 Oe 6 10.4 et By 

SRS A ed cient SAV a eae Nd la Ose RSE NES SCRE RL RI AS 

Predicted (N.B.S.) 8.1 8.0 10.9 7.1 8.1 

re (D.M.A.) 17.4 ie 5 ‘ 18.2 4 


The two predictions for Nerlerk are based on the National Bureau of 
Standards (N.B.S.) (Reference 4) and the Defense Mapping Agency (D.M.A.) (see 
page 28) methods. lonospheric heights are assumed to be 73 km in the day 
and 91 km at night, thus the change in height is 18 km. The observed shifts 
fall between the two predictions, but are generally closer to the Nets’. 
method. Using average observed phase changes, the height changes can be 
computed from Reference 4, p.414. 


* d d2+h2 
Ah = Ad a= wh 
where Ah = change in ionospheric height (km) 
Ad = observed phase shift (radians) 
h = mean height (km) 


ly) 


2d = ground distance (km) 
X = wave length (km) 


The changes, in the height of the ionosphere between day and night are 
given in Table 4. 


Table 4 


Estimated Change of ionsopheric Height (in km) 


7960X 7960Y 9990M 9990Y 
At Tuktoyaktuk 17.4 bo. List 10.2 
At Nerlerk 24.0 1362 26.5 12.4 


The observations of diurnal phase shift show a wide variation in the 
changes in ionospheric heights. 


An attempt was made at Cape Parry to measure the difference between the 
T.0.As of the ground and skywaves from Tok. The difference in T.0.A. from 
short period at the middle of the night was 51.5 + 1.1 microseconds. The 
difference, predicted by the D.M.A. method, is 54.1 microseconds. 


As can be seen from all the T.0.A. data collected, the ionosphere is only 
stable during the summer night for a very short period. The ionosphere starts 
to rise immediately after sunset at the receiver. As all the transmitters 
used were to the west of the test area, the signals do not stabilize until 
well after local sunrise at the receiver. There are only 14 hours of stable 
signal availability, during August, which is the peak of the operational 
season in the Beaufort Sea. This time, of course, decreases as winter 
approaches. 


Loran-C Position Lines 


Two types of position lines can be generated by a Loran-C chain. 
T.0.A.'s can be used as ranges from the transmitters if a precise frequency 
standard is available, and if synchronization corrections are applied to the 
T.0.A.'s to reduce them to ranges. The observed stability (daytime) of 
the T.0.A.:'s from the transmissions available in the Beaufort Sea is listed 
in Table 5. 


Table 5 


Daytime T.0.A. Stability 


(Standard deviation in microseconds) 


Groundwave Skywave 
7960-M 1960=% pan A960 sVawy9990sM wu99905Y ,09990-Z 
At Tuktoyaktuk 0.05 OrZy OF 5z 0.42 0.44 ares 
At Nerlerk (Expl. 7) 0.06 0.56 G5 35 Ge2y 0.44 0.92 


At Cape Parry et Oe 0.30 0.56 = 0.28 G29 
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As the nights in August are so short the ionosphere does not settle at a 
higher altitude for any length of time. Therefore, it is not possible to 
estimate accurately the stability of T.0.A.'s at night. The instability for 
T.0.A.'s during the brief period when the ionosphere is at its highest level 
appears to be about two to three times greater than that observed during the 
day. 


The correlations between T.0.A. errors appear to be relatively high. 
Typical observed correlations are tabulated in Table 6 for daylight hours. 


Table 6 


T.0.A. Correlations 


7960M X Y 
7960M | 0.40 0:93 
X 0.40 | 02 
Y 5 ie Daas ] 
9990M Y 
9990M 1 aT Ie 0.99 
Y 0.93 | 0.95 
Z 0.99 95 | 


The effect of skywaves on the T.0.A. errors is clearly seen in the above 
table. 


In daytime, a fix using Loran-C T.0.A.'s (precisely synchronized) should 
have a radial error of +500 m (1 sigma confidence level) or less, depending 
on the number of position lines used. 


Four Loran-C time differences are available in the western Beaufort Sea. 
The estimates of the errors associated with these hyperbolic position lines are 
listed in Table 7. The data sets used to generate Table 7 are independent 
of those used for Tables 5 and 6. 


Table 7 


Daytime T.D. Stability 
(Standard deviation in microseconds) 


Tuktoyaktuk Nerlerk Cape Parry 
7960X 02.27 0.52 0.29 
y 0.14 6935 0.24 
9990Y 0.16 0.28 = 
i Org G.33 = 


So, if accurate skywave corrections were possible, a Loran-C hyperbolic 
fix, taken about 60 nm north of Tuktoyaktuk should have an accuracy of +3 
km for the Gulf of Alaska Chain (7960) and +1.5 km from the Bering Sea Chain 
(9990). Due to uncertainties in skywave measurements the above accuracy 
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estimates should probably be doubled. 


Omega Reception 


Reference 7 (Vass) predicts that Omega stations A (Norway), C (Hawaii), 
D (North Dakota) and H (Japan) will be received in the Beaufort Sea, during 
summer daylight with adequate signal-to-noise ratio and insignificant modal 
interference. Figures 28 and 29 show the Omega stations used by the MX1105 
system, and those with low signal strength, at our two monitor sites at 
Tuktoyaktuk and Nerlerk (Explorer 1). These data confirm the predictions, 
except that H (Japan) at Tuktoyaktuk was not used continuously as its 
signal-to-noise ratio intermittently dropped below that acceptable for fixing. 
The MX1105 uses a pseudo-ranging technique for positioning that requires 
signals from at least three stations. This number of required signals was 
available throughout the monitoring period at both sites with the pee OD 
of one overnight period at Nerlerk. 


On this occasion the Omega section of the MX1105 system did, what can 
best be described as, ''latch-up''. After two hours the receiver re- 
synchronized on Omega stations C (Hawaii), D (North Dakota), and G (Trinidad), 
but exhibited low signal-to-noise ratios for A (Norway) and H (Japan). During 
this period poor positions were produced by the system. Five hours later 
the MX1105 ''latched-up'' again, but after a further two hours re-synchronized 
on the usual four stations A, C, D, H. It is difficult to find the causes 
for this one failure of the MX1105 system. This failure can probably be 
attributed to external reception conditions rather than an intermittent 
receiver fault. 


United States Coast Guard, through the Canadian Coast Guard made 
available some data from their Omega monitor station at Inuvik Airport. 
Regrettably the monitor was not working when our measurements were made in 
the Beaufort Sea. However, the monitor data from Inuvik, covering a short 
period from Aug. 21st to Aug. 23rd confirmed to some extent our data from 
Tuktoyaktuk and Explorer 1. During this short period the monitor tracked 
Omega station A (Norway), C (Hawaii) and H (Japan) reliably. Omega station 
D (North Dakota) was not tracked during this period as it was down for 
maintenance. Table 8 gives the range of signal-to-noise ratio and number 
of cycle skips experienced during this short period. 


Table 8 
Omega Monitor - Inuvik (34 hrs only) 
Signal-to-Noise Range (db) 
High Low # of times cycle skips 
occurred 
0 -70 approx. 2 
3 =39 1 
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Integrated Satnav/Omega Positions 


The MX1105 Satellite/Omega navigator produces four estimates of 
position (1) Single Channel Satnav fixes, (2) Omega stand-alone fixes 
(3) Integrated Satnav and ships gyro and speed log positions (Nav. 1) and 
(4) integrated Satnav and Omega positions (Nav. 2). All position data 
were collected with the receiver stationary, therefore Nav. |] positions 
are not relevant to our measurements. The estimates of the errors associated 
with the other types of position are given in Tables 9 and 10 for 
Tuktoyaktuk and Explorer 1 respectively. 


Table 9 


Tuktoyaktuk - Overall Omega/Satnav Accuracies from 
MX1105 Receiver 


Standard Deviations in metres 


Lat. Long. Radial Correlation 
Satnav. 196 146 244 -0.13 
Omega 749 1446 1628 +0.83 
Integrated 556 388 678 +0.26 
Table 10 


Nerlerk - CANMAR Explorer 1 - Overall Omega/Satnav Accuracies 
from MX1105 Receiver 


Standard Deviations in metres 


Lat. Long. Radial Correlation 
Satnav. 65 112 130 +0.08 
Omega 777 907 1194 -0.44 
Integrated 301 489 574 -0.16 


Also, as the measurements were made with the MX1105 stationary, additional 
errors in Satnav positions are to be expected on a moving ship. These errors 
in the Satnav position will propagate through to increase the errors in 
both the integrated and Omega positions. However, if both ship's log and 
gyro, and Omega are available for velocity input to the Satnav fixes then 
this increase in error should not be excessive. 


Figure 30 shows the stability of the Omega and integrated positions 
at Tuktoyaktuk by their latitude and longitude co-ordinates. The initial 
variations, seen at the left of the graphs show the settling effect 
immediately after startup of the equipment. Diurnal variations in the 
accuracy of the Omega signals are also apparent. These variations, due to 
changing day and night propagation conditions are not carried through, to any 
great extent, to the integrated (Nav. 2) positions. These diurnal changes 
in error, and the lack of them for the integrated position, are tabulated 
in Table 11. Figure 31 shows the stability of the co-ordinates produced by 
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the MX1105 when used as a stand-alone Omega receiver. Two features are 
discernible from these graphs (1) the effect of the smoothing introduced by 
the integration algorithm and (2) the constant offset of about 2 minutes of 
latitude and 2 minutes of longitude, when compared to the true position, due 
probably to inaccuracies in the Omega propagation models used. The observed 
errors and constant offsets for the stand-alone Omega data are given in 
Fabre 1.2; 


Table 11 


Diurnal Variations in Accuracies from MX1105 Receiver 


Standard Deviation in metres 


Day Lat. Long. Radial 
Omega - Night 
Aug.3 1321 2602 2918 (Start up) 
k 663 1388 1538 
5 580 1260 1387 
Ro MeS* 1464 (Start up excluded) 


Integrated - Night 


3 1046 318 1093 (Start wp) 
3.41 213 377 
5 262 482 548 
R.M.S. 470 (Start up excluded) 
Omega - Day 
3 233 37.1 438 
h 432 566 fiz 
° 378 464 598 
REM. Sy 593 


Integrated - Day 


3 125 oo Be 
A 344 45) 567 
5 364 344 500 


R.M.S. 41 


48 


(tee) Eso 


Ss 
CTE Ore cls = & se 
4 , 


(#95) Oto =5 


I 
Ix 


81°92- S9 


(—~wor) ,/4O=5 (oF t/ 


a0: co- ECs =X 


£o- 
‘ 


a 


oe 


(C~zer) #L-o 


(29%) sro=s 


SBI Se, SMe 8 
‘ 


| 
| 
! 
(+e oes) /£O=S | C=z2ie) -et-0 
| 
| 
' 
| 


(“1st 690 


" 


cae 


, 


zo- ec 


4 u“ 
ps 


Di £ On IS) = 


MPre aso = 


Ss 
See = Xe 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


>, EEGs = 


‘ , 


| 
| 
| 
| (995) dg-025 
| 
i 


S$ 
Zo~ &&7.% X Le /o- C&1=2K 
o — ’ 


Be ie a ae ee 


” 
” 


, 


i ae > 
° 


Ix 


(© 1/2) ee 


f£ony , tony 


cee ~ZEs 


B1TO-FE/ 6% 92-69 


“DNOT LAWN 


a 
Ww 


(s/t) Goss 


(~wE£/E} Ef 9 EGS [me-GtE) o5-9 ‘ 


Pei ton £7 


J 


Ix 


5h 2O- LEs/: x 


vE/~,0E7 


+t -69 


Lvr AW 


Cos) Lee=ss (940/) (28028 


=S 
Of 9F- GO =X CE7T- €9 =X 
7 4 ’ 


1S: YE- SP =X 


{2€- 69 
Pg 2E) 


(~xoge) B6-€ =S 


‘OoNO7T wWOFIYYO 


| 
(ege/) tess : (“ie) csex Ss 
I 
| 


(* 


op vo- FE/= /£-EQ- c&/= X 
Lg e ‘ 


BrLa-—fb&/-X 
, ° 


Le~7 wOZHWO 


(Goa 2) -tro=s 


’ 


(eH €95) .39f0 = 


(ret) /Lo2S 


‘ 


£t-9U-GO = X at 2E- GD= X 


, 


£S-9T-69=% 


Pe oy ec Yo hear Cm) Wee CRB Ca) oa Se CR REN Ee ee hg 


C~ 246) »eaF =s 
IG OS - SEL =X 


1c 


(<s98 ‘am 


#8 ZX- 69 


1€ e4anbi4g 
GS 2ny 


C7187 WZ OT SZ 


Os=zEr 


6zZ-9%- 69 
~ WALNWACL WAL 


[SoM Letro- eb e7 
LA FIL/IIALYS 


Oa70Kr 3/e 


‘ONET ‘ZC ANY 


‘90 -£€/ 


eo 


se 369 


“Lyw7 ZL AYN 


/@-69 


PE te, 


“QWOT wave 


Bo - Fes 


Sé-.69 


LV7 YoTIWO 


/E 69 


= 


Ss 
=X 


50 


Table 12 


Tuktoyaktuk - Stand-Alone Omega Accuracies 
MX1105 Receiver 


(metres) 
Lat. Long. Radial 
Omega 
Offset 2870 1459 3220 (1.7 nm) 
St? Dev. 861 1773 eee 
Smoothed 
Offset 3166 1472 3491 (1.9 nm) 
St. Dev. 654 Ot 1175 


Conclusions 
1. Loran-C Reception 


The Gulf of Alaska (7960) and Bering Sea (9990) Loran-C chains can be 
received fairly reliably west of Tuktoyaktuk (Longitude 132°W) in the Beaufort 
Sea. However, only one transmission, that from Tok (7960 - Master) can be 
received on groundwave. Skywave signals are available from the other Alaska 
stations. As two chains are available in the western Beaufort Sea, operators 
in this area would find it advantageous to use receivers that can track 
both chains simultaneously. 


2. Loran-C Chart Lattices 


Two lattice overlays have been prepared for Chart 7650 (scale 1:500,000). 

The overlay for the Gulf of Alaska (7960) lattice shows skywave correction 
and combined skywave/groundwave corrections. The combined corrections 
assume an overland conductivity for the Tok transmission of 0.001 mhos/metre. 
The overlay for the Berin Sea (9990) lattice shows skywave corrections only. 
In both cases, skywave corrections were made using the U.S. Defense Mapping 
fa nr ig da assuming ionospheric heights of 73 km (day) and 91 km 

night). 


3. Loran-C Accuracies 


The hyperbolic fix geometry for both the chains available in the 
Beaufort Sea is weak. The instability of the ionosphere, even during the 
day, produces uncertainties in skywave corrections. Correct cycle 
identification is also a problem when using skywaves. Therefore, fixes 
produced by time differences from the Alaska chains (7960 and 9990) are 
likely to have errors, at the one sigma level, of 16 km, even during the day. 


Using Loran-C in the passive ranging mode, assuming frequent satellite 
fixes, it should be possible to obtain continuous positioning with errors at 
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the one sigma level of +500 m during the fourteen hour long summer day. 
Position errors have not been estimated for Loran-C fixes produced by time 
differences, or by ranges, obtained during the night. 


4, Relationship of Skywave T.0.A. and E.C.D. 


The change in Loran-C skywave transmission T.0.A. due to shift in 
ionospheric height appears to be reflected by a change in E.C.D. If 
applications for Loran-C skywave transmissions are found in the Canadian 
Arctic, it may be possible to use the relationship between E.C.D. and 
change of T.0.A. to predict more accurately skywave corrections for real-time 
use. 


5. Omega Reception 


The availability of Omega signals in the Beaufort Sea appears to follow 
the predictions given in the literature on Omega reception. However, there 
do appear to be interruptions to continuous reception that decrease the 
potential usefulness of this system in the Beaufort Sea. In addition, to 
sudden ionospheric disturbances and polar cap anomalies, Omega reception 
may also be effected by local weather conditions. 


6. Omega Accuracies 


The MX1105 Satnav/Omega receiver produces integrated fixes with errors, 
at the one sigma level, of less than +500 m when stationary. There is 
no statistically detectable change in accuracies between day and night. 
The stand-alone Omega feature on the MX1105 produced fixes with constant 
offsets of 3.5 km and random errors of +2 km. As the MX1105 receiver 
produces positions from several sources, it appears to overcome many of the 
problems associated with Omega use in high latitudes and the errors 
associated with these positions are in the same order as those expected from 
differential Omega. 


7. Beaufort Sea Positioning 


As the existence of submarine pingoes adds to the usual hazards of 
Arctic navigation in the Beaufort Sea, and deep draught shipping traffic is 
expected to increase, there is a need for a reliable general purpose radio 
navigation aid in the area. This need could be met by differential Omega, or 
by a system such as the MX1105, if Omega reception can be proved reliable. 


In this regard, a detailed analysis of data from existing Omega monitors 
in the Canadian Arctic, especially at Inuvik, would be extremely useful. 


An Accufix-type Loran-C chain may also meet the need for reliable 
and accurate navigational coverage of the Beaufort Sea. Such a Loran-C type 
system would also meet some resource exploration company and government 
Survey requirements. However, to use a Loran-C system efficiently, 
several unknown parameters, such as conductivities over permafrost, 
conductivities over mixtures of ice and brackish water, transmitted power 
required for reliable signal tracking and cycle identification, and seasonal 
variations in these parameters, should be defined by further field work. 
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Appendix | 


Detailed Position Data from the MX1105 


Satnav/Omega Receiver 
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Abstract 


The main purpose of this report is to archive calibration 
techniques and results for the set of sensors used on the Pisces IV sub- 
mersible in November 1978. At that time, a series of measurements in Knight 
Inlet, British Columbia sampled turbulent velocity and temperature fields 
associated with three different regimes: a nonlinear internal wave train, 

a near-surface shear zone downstream of an internal hydraulic jump, and the 
shallow waters of the inlet in the absence of internal hydraulic events. 
Calibrated analog data is presented. 
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1. Introduction 


The complete turbulence system for the Pisces IV submersible has 
been under development for some years, since an initial major modification 
necessary to stabilize the submersible for mid-water running. Figure 1 
documents the growth of a severe pitch instability after full power was 
applied to the thrusters used to propel Pisces. The amplitude of the pitch- 
ing motion quickly reached +20° and might have gone higher still: such 
tests were inevitably halted due to personnel discomfort. This instability 
has been completely removed by the design (by Dr. G. Parkinson of the 
Mechanical Engineering Department, University of British Columbia) of a set 
of removable stabilizing wings, shown schematically in Figure 2, and in a 
photograph (Figure 3) taken from the rear of the submersible. The plane 
of the flat control section of the wings can be varied between approximately 
-2 and +10 degrees from horizontal: small adjustments in wing angle allow 
the pilot to drive Pisces slowly up and down through the water column 
without adjusting the thruster angles, hence without changing the mean 
forward speed of the submersible through the water. Subsequent addition of 
an hydraulically controlled trim tab on one of the vertical sections of the 
wings (see Figure 3) allowed us to remove a slow directional drift which 
proved annoying in operations. With addition of this control apparatus, the 
submersible has proven a flexible vehicle for turbulence measurements; its 
motion through the water column is such that the mean forward speed is 
relatively constant and mean cross-flows at the sensor package are relative- 
ly small, except when it is necessary to carry out some manoeuvre such as 
change of horizontal direction or the rapid change of attitude required to 
avoid breaking the water surface at the top of a gradual ascent through the 
water column. 


Sensors are mounted at the end of a forward strut (see Figure 2), 
as far forward of the personnel sphere as is operationally practical. The 
high-frequency turbulence sensors lead the rest (as shown in the insert to 
Figure 2), roughly 3m in front of the personnel sphere. The direction of 
mean forward speed U is defined along the axis of the sensor package, 
positive toward the submersible; cross-axis flows are defined to complete 
a right-handed coordinate system with W positive upwards. These flows are 
measured at the location of the sensor package: signals from three small 
rotor current meters designated A, B, and C in Figure 2 are combined and 
rotated to given U, V, and W. A conductivity-temperature sensor C-TA, 
coupled with the depth gauge on the submersible, allows determination of 
mean temperature and salinity at the level of the high-frequency sensors, 
while an additional thermistor TB at a vertical separation of 0.8 m provides 
an estimate of the mean vertical temperature gradient. The high frequency 
sensors were mounted v 0.33 m in front of these auxiliary sensors in the 
order shown in the insert to Figure 2. Axial component of velocity (uv) 
was sensed with a heated conical platinum film probe, temperature (T') with 
a cold conical platinum film, and cross-flow velocity components (w and v) 
with two single-channel airfoil probes. These probes were mounted as close 
together as possible: separations were (u - T) = 0.6 cm, (T - w) = 3.7 cm, 
and w - v) = 1.8 cm. A.set of three orthogonal accelerometers mounted 
immediately behind the high frequency sensors and a pressure gauge in a 
separate pressure case closer to the personnel sphere (neither shown in 
Figure 2) completed the instrumentation carried outside the submersible. 


Voltages from all sensors entered the personnel sphere through an electrical 
penetrator, and were then digitized and recorded by a specially-designed 
data system (SCRIBE) which has been described in some detail by Galloway 

and Teichrob (1979). 


This system was successfully used for the first time in November 
1978 during a series of dives in Knight Inlet, one of the fjord-type inlets 
of the British Columbia coast. A submarine sill across the inlet produces 
a variety of internal hydraulic phenomena (Farmer and Smith, 1980) including 
a strongly nonlinear and highly turbulent internal wave train which 
progresses up inlet twice a day, shortly after the tide turns to flood 
across the sill. Although the internal wave train was the primary objective 
of this set of measurements, a few diving days were spent investigating flow 
downstream of the sill on the ebb tide, when a strong first-mode internal 
hydraulic jump was present over the sill itself (D. Farmer, personal 
communication). 


The main purpose of this report is to archive calibrations of all 
the instrumentation used for the Knight Inlet measurements, including a 
discussion of calibration techniques when these are unique or not described 
in other publications. Lists of sensors, sample rates, dive locations, 
etc. are given as tables in the Appendix. Calibrations are found in Section 
2, while Section 3 contains a brief discussion of dive locations and data 
quality as revealed by examples of (calibrated) analog records. 


2. Calibrations 
2.1 Heated platinum film: u 


The axial component u of the turbulent velocity field is sensed 
with a heated platinum film probe. The sensing element is a thin ring of 
platinum deposited around a conical glass probe and protected by a very thin 
quartz coating. Electrical current passing through the platinum film 
raises its temperature above ambient by an amount AT referred to as the 
overheat. Fluctuations in current speed parallel to the probe axis produce 
fluctuations in heat transfer from the film, which may be sensed by a bridge 
designed to operate in either constant current or constant temperature mode. 
The latter is more appropriate for applications in the ocean, where 
plankton or detrital materials frequently lodge on the probe and greatly 
reduce the heat transfer: constant current operation would burn out the 
probe under these circumstances. Short probe lifetime due to sea-water 
corrosion of the platinum film has not been a significant problem since 
developments of quartz coating techniques for the probes and an AC bridge 
circuit (laboratory applications of hot-film techniques in fresh water 
invariably use DC bridges). We have used individual probes for many days 
of field operation. Indeed, we are still using probes from the set manu- 
factured in the 1960s at the University of British Columbia for the Pacific 
Naval Laboratory (now DREP, Defence Research Establishment, Pacific), and 
used by Grant, Stewart and Moilliett (1962) in their pioneering measurements 
of high Reynolds number, turbulence in a tidal channel. These probes have 
stable calibrations (see calibrations of V30 in this section) and, if not 
physically damaged, will operate for many hours. One of these probes (V31) 
was mounted on a towed body for field trips in 1972 and 1973 and on the 
submersible for two operations in 1976. Estimated operating time in 1972-73 
alone was greater than 120 hours, and this probe failed only when physically 
broken at the end of the autumn 1976 cruise. However, only two of these 
probes remain, and at present there seems to be no reliable source of 
stable probes: commercially available probes often exhibit unstable 
calibrations (see calibrations of TSI-8214, a Thermo-Systems Model 1230 W, 
in this section). It would seem advisable to examine the manufacturing 
process for reasons why these films are unstable in sea-water operation. 

One possibility is that the commercial process may not include a heat- 
treatment step which was found essential for stabilizing the UBC films 
after manufacture (A. Moilliett, personal communication). 


For instrumenting the submersible, we had a choice of two constant- 
temperature bridges, both built at DREP, but designed for different operating 
conditions. The original bridge (Evans, 1963) was designed to be used in 
applications where the probe was physically close to the bridge. It was used 
by Grant et al (1962) with the probe on a towed body separated from the 
bridge by a short constant-length towing cable, and by Grant, Hughes, Vogel 
and Moilliett (1968) with the probe mounted on a submarine, again quite 
close to the bridge. -A subsequent bridge was developed for use with a towed 
body designed to go to ~ 400 m depth: the bridge circuit was incorporated 
into the towed body close to the probe, and controlled remotely by signals 
sent down the cable from a surface unit. With both power and space at a 
premium in submersible operations, we chose the original bridge which uses 
less power and occupies less space (due to the absence of the remote-control 


capability, unnecessary in this application). This bridge (now nearly 20 
years old!) has been described by Evans (1963). Briefly it is an AC feedback 
loop (12.5 Khz carrier frequency) which acts to maintain the probe at a 
constant number of degrees AT above ambient water temperature. A 500 ohm 
bridge is used, and the probe (roughly 5 ohm) is matched to the bridge by a 
10:1 transformer located in the pressure case immediately behind the probe. 
The temperature coefficient of resistance a, determined for each individual 
probe by measuring its resistance as a function of known water temperature, 
is used to calculate ARp» the resistance change corresponding to a given 


overheat AT. In operation, with the probe moving through water of 
temperature TVs the bridge is first balanced (both resistance and capacitance), 


then the overheat resistance AR, is added to the ''cold'' resistance of the 


probe and this "hot'' resistance set on the bridge resistance arm. The 
servo-loop is then opened, and a final adjustment made to the reactive 
balance. 


A block diagram of the submersible system is shown in Figure 4. 
The modulated 12.5 Khz output voltage from the bridge is converted to a 
fluctuating DC voltage and subsequently passed through a pre-whitening 
filter to boost high frequencies before digitization. The response 
characteristics of the system have been broken down into a sensitivity 
G = S*G.°G. and a frequency dependence g(f) = P(f)-W(f), where 


S in volts/(cm Rip is the sensitivity of the probe/bridge system 
(see 2.1.1 for measurement of S) 


G 1.564 is the converter gain at zero frequency 


Cc 


G 
W 


1.846 is the filter gain at zero frequency 


P(f) is the frequency response function of the probe/bridge system, 
normalized to 1.0 at zero frequency (see section 2.1.3 for measurement of 
P(£) and discussion of normalization) and W(f) is the measured frequency 
response of the pre-whitening filter, normalized to 1.0 at zero frequency. 
The converter response is flat to 500 Hz, the Nyquist frequency for measure- 
ments of u, and thus is not included in the response correction. Raw power 


spectral densities in units of (volts) */cps are convected to physical units 
of fen s1|?/eps by dividing by fers tenis 


2.1.1 The hot-film as a mean flow sensor 


Output from the hot-film bridge varies with the total flow past 
the sensor and thus contains mean flow as well as high frequency information. 
Considerations of dynamic range with a 16-bit A/D converter have resulted in 
the signal being split into two parts: the high gain channel (Ch.0) has the 
mean bridge voltage at an average operating speed removed, while the low- 
gain channel (Ch.1) has high frequencies removed by a low-pass filter with 
3 db point at 0.5 Hz. This low-gain channel is vital to our ability to 
assess whether a platinum film is operating properly. If heated films 
do not operate properly as mean flow sensors, they are unlikely to produce 


reliable data on high-frequency velocity fluctuations. We operate rotor 
current meters (see Section 2.6) to provide an independent estimate of the 
low-frequency components of forward speed, and find that when the heated 
film is not providing reliable low-frequency signal compared to the rotor 
current meters, the high frequency content is doubtful as well. An example 
was an observed difference between rotor-indicated speed and output from a 
TSI probe (using pre-cruise calibrations) which lead to its replacement 
during the field operation. Subsequent laboratory re-calibration showed a 
large calibration shift in both mean and sensitivity. Another frequent 
occurrence is an abrupt decrease of probe-indicated speed relative to rotor 
current meter speed, due to fouling of the platinum-film: the high 
frequency portion of the signal is unlikely to be any more reliable than the 
low-frequency part until the probe is somehow freed from the plankton or 
detrital material covering it. 


Calibration of the probe/bridge output (rmsAC) as a function of 
steady mean speed U is carried out in a low turbulence level water tunnel 
at I.0.S.* Tunnel flow speed is measured with a Paro-Scientific differential 
pressure gauge (Model 215-D-002) which measures pressure across a 0.8 cm 
(5/16 inch) diameter Pitot tube placed approximately 15 cm from the hot- 
film probe. The gauge output is a period T which is measured by an HP 5326A 
timer-counter: U is then calculated as 


— T T 
Uo = c¥2gh where h = afi ~ 2 - Bl. ~ 


(A, B and rR are constants supplied with the gauge ), and C is a constant 


depending on the Pitot tube, here taken as 1.0. Lacking an absolute 
measurement of tunnel speed, it is difficult to assess the error in this 
speed measurement. Least-bit fluctuation in the counter contributes an 
error of order +(1.0 to 1.5)cm s~! at speeds near zero, but is insignificant 
100 cm s~!. At higher speeds, errors arise through pressure gauge errors 
(leaks in tubes or O-rings, different temperatures of two legs of gauge, 
etc.) and the assumption of 1.0 for the Pitot-gauge constant. The latter is 
unlikely to result in more than » 1-2% absolute error in speed since 0.99 

< Cc. < 1.01 is almost.always satisfied (Eckman, 1950). Random errors due to 


the pressure gauge are assumed to cause most of the spread in repeated calibra- 
tions of a stable probe such as V30, shown in Figure 5(a). Observed scatter 
of U values at fixed output voltages leads to a rough estimate of +2 cm s7} 


for relative- error: The" cal abrations® ofiV30-at 25°C overheat were carried out 
over a three month period spanning the field operation (in which the probe 
was operated for approximately 20 hours): the consistency of calibrations 

is remarkable. In contrast, Figure 5(b) shows calibrations of TSI-8214, a 
Thermo-Systems 1230W hot-film probe, before and after the same field 
operation (during which this probe was used for v 24 hours). Some change in 
the probe caused by operation in salt water has resulted in a substantial 
decrease in mean voltage measured across the probe at a constant speed, as 
well as a change of curve shape resulting in a decrease of approximately 12% 
in zero-frequency sensitivity at a mean speed of 100 cm s-). 


‘s Institute of Ocean Sciences, Patricia Bay 


2.1.2 Sensitivity calibrations 


The probe/bridge sensitivity S is a function of individual probes, 
operating overheat, and mean speed. It has been determined by two 
independent methods. A static sensitivity So can be calculated from the 


inverse of the slope of the static calibration curve at the mean speed of 
operation, Uo: Coefficients of a fourth-order least-squares fit of the 


ensemble of calibrations of V30 are shown on Figure 5: the static 
sensitivity is 


- 4 ty 
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A second determination of sensitivity results from use of the vibrator, a 
device originally developed to measure P(f), the response of the probe as a 
function of frequency (see Section 2.1.3). The vibrator moves the probe 
parallel to its axis at set frequencies: the displacement, measured by a 
displacement transducer, is a sinusoidal function of time and thus the rms 
velocity Vymg of the probe can be determined from the measured rms 
displacement fact The sinusoidal velocity fluctuation imposed on the 


probe results in a sinusoidal modulation of the carrier frequency, 
producing an rms output of rmsDC from the converter for an rms velocity 
input of 2nf ES ay As discussed in the previous section, the instantaneous 


voltage output from the converter is DC = 1.564(rmsAC) ; with a periodic input, 
DC = v2 (rmsDC), and thus the expression for the dynamic sensitivity is 


gi ad rmsAC 3 1 /2 (rmsDC) 
D 2nf d Pencnterd 1.564 
rms rms 


where 1.564 is the zero-frequency converter gain. Sensitivities calculated 
by both methods for V30 are shown in Figure 6(a): the dynamic calibration 
was done at two frequencies, 30 and 50 Hz, to check that the method yielded 
a flat response over this range, as expected from the measured frequency 
response function (Section 2.1.3)... The, dynamic sensitivity is consistently 
about 7% higher than the static sensitivity. The dynamic calibration 
includes unsteady boundary layer effects, and thus is the correct unsteady 
sensitivity, while So is the correct zero-frequency sensitivity. The two 


measurements allow us to interpolate the response function (see next section) 
for frequencies between 0 and 20 Hz. Similar results are presented for the 
Thermo-Systems probe TSI-8214 in Figure 6(b): the static and dynamic 
sensitivities agree to within the experimental scatter, implying that the 
response is flat between 0 and 30 Hz. 


The hot-film is a highly non-linear speed sensor, and a full non- 
linear calibration must be used in applications involving large speed 
changes. One of the advantages of the submersible operation is that mean 
forward speed is generally constant to within v +5 cm s'! and fluctuating 
levels at frequencies greater than 1 Hz seldom exceed +1 cm s~! (see 
Section 3 for typical records). Under these circumstances, the approximation 
of constant gain, i.e. local linearity, of the sensor allows us to save a 
great deal of computational time while introducing errors less than those 
involved in the experimental determination of sensitivity. 


2.1.3 Frequency-response calibration 


The response of conical hot-film sensors is not necessarily flat 
as a function of frequency. Leuck (1979) has examined unsteady boundary 
layer effects which give use to various response curves depending upon probe 
geometry. For the older UBC films, he is able to predict the rise in 
response at high frequency which Grant et al (1962) determined experimentally. 
Using the technique (and indeed the apparatus) of Grant et al, we determine 
P(f) for each individual probe by shaking it sinusoidally along its axis at 
different frequencies. The rmsDC bridge voltage out of the converter is 
divided by 2nf a, the rms velocity experienced by the probe vibrating 


sinusoidally at frequency f through an rms displacement Oe The response 


function should be normalized by its value at a very low frequency, but the 
vibrator cannot produce accurately sinusoidal displacements at frequencies 
much below 20 Hz, so the response functions as plotted in Figure 7 are 
normalized by their values at a point within the flat-response region 

(40 Hz for V30, 20 Hz for TSI-8214). 


The vibrator measurement is somewhat sensitive to vibrator gain 
settings, apparently because some combinations of frequency and drive 
amplitudes cause small cross-axis resonant vibrations. Thus the points in 
Figure 7(a), two calibrations for V30 at 80 cm s-! and one at 100 cm s~} 


mean flow speed, show some scatter, larger at higher frequencies. Although 
the response should be a weak function of mean speed, the measurements are 
not good enough to justify different response curves as a function of U. 

We have drawn a curve through the aggregate of points as a best approximation 
to P(f); typical errors due to speed variations and/or experimental error, 
amount to v +2.5% for frequencies f > 100 Hz, v +1% for f < 40 Hz. 


The same calibration for TSI-8214 (Figure 7(b)) illustrates the 
difference in response curves produced by different geometry: this response 
function slowly decreases to a minimum around 150 Hz, then rises with higher 
frequency, but much less rapidly than V30. 


To obtain the response function for V30 over the 0-20 Hz range in 
which the vibrator doesn't operate properly, we interpolate linearly between 
P(20Hz) = 1:0 and P(0 Hz) = response at zero frequency normalized by 
response at 40 Hz = S/Sp- Based on the ratio of static to dynamic 


sensitivities of V30 in the range of 80-100 cm s~! mean speed (Figure 6(a)), 
a reasonable value for P(0 Hz) = 0.9. The probe/bridge response function 


can then be re-normalized to 1.0 at zero frequency (see Table 1). The high- 


frequency response of the system is further enhanced by a pre-whitening 
filter, with frequency response W(f) as shown in Figure 8. Spectral values 
are corrected for the response characteristics of probe/bridge and pre- 
whitening filter by linear interpolation in Table 1 of combined response R 
at standard frequencies. 


TABLE 1: V30: Response functions of the probe/bridge system P(f) and 
pre-whitening filter W(f) at standard frequencies. 


* 
f (Hz) P(£) Po (f) W(£) R = P (f) W(f) 
eee Eg UP ee eee 
0 (0.9) 1.0 1.00 1.00 
5 1.03 1.02 1.05 
10 1.06 ph 1.19 
20 1.00 Bat 1.45 1.61 
30 1.00 1.11 1.88 2.09 
40 1.00 (ort 2.29 2.54 
50 1.00 1.11 2.81 aay 
75 1.05 1.17 4.03 wa 
100 1.09 1.21 4.64 5.61 
150 1079 1.30 7.60 9.88 
200 1,25 1.39 10.0 13.9 
250 1,32 1.47 12.4 18.2 
280 1955 1S 12,7 19.1 
300 1.38 1458 12.5 19.1 
350 1.42 1.58 11.1 17.5 
400 1.47 1.63 9.13 14.9 
450 1.49 1.66 5663 9.34 
500 1.51 1.68 3.39 5.70 


* original measurement of probe/bridge response normalized to 1.0 at 40 Hz: 
the value in parentheses at 0 Hz is the ratio So/Sp =), 0. Of; StabicuLe 


dynamic sensitivities (see Section 2.1.2). 


+  probe/bridge response re-normalized to 1.0 at 0 Hz. 


2.1.4 Angular response 


The response of the conical film probe is almost flat as a function 
of the total angle of attack 0 between the probe axis and the mean speed U, 
as can be seen for V30 in Figure 9. This is a useful property if the aim is 
to measure fluctuations due to isotropic turbulence from a platform, such 
as a towed body, which might often develop sizeable angles between probe 
axis and mean speed, conditions typical of the original Grant et al (1962) 
tidal channel measurements, and subsequent (Grant et al (1968)) measurements 
from a submarine in the surface mixed layer under waves. However, if the 
aim is to investigate isotropy, one would much prefer a cosine response as 


a function of angle, i.e. a true axial speed sensor. Because of this 
property of the conical] hot-film probe, in addition to constraints on air- 
foil probe linearity as a function of 0 (see Section 2.3), it is essential 
to measure the total angle of attack and restrict investigation of the 
degree of isotropy of the small-scale velocity field to regions where 0 is 
small. If we imagine a totally anisotropic situation with w = v = 0, then 
deviations of the probe axis of 5°, 10°, and 15° from the direction of the 
mean and fluctuating flow (U + u) result in over-estimating the true axial 
mean square fluctuating component by 1%, 3% and 7% respectively. Requiring 
© < 10° should be a sufficient criterion, since isotropic fields should 
yield differences of ~ 30% between spectral values of axial and cross-axis 
velocity components. This restriction involves very little loss of data in 
the situations in which we have used the submersible up to the present. 


2.1.5 Temperature sensitivity 


The question of contamination of heated anemometer measurements by. 
temperature changes in the surrounding fluid is of particular importance to 
oceanic measurements, where small-scale temperature fluctuations almost 
always accompany velocity fluctuations. Since the temperature of water in 
the large tunnel at I.0.S. cannot be varied, we measured the zero frequency 
temperature sensitivity of V20 by the equivalent procedure of changing probe 
overheat (difference between probe and water temperatures) with constant 
water temperature. The resulting changes in output voltages correspond to 
apparent velocity changes of v 15 cm sl per °C. This zero frequency tempera- 
ture sensitivity determines how well the hot film will perform as a mean flow 
sensor in a fluid of changing mean temperature. However for the high 
frequency range of the velocity signal, the relevant parameter is the change 
in dynamic probe sensitivity Sp (see Section 2.1.2) as a function of mean 


water temperature. Again by changing the probe overheat with constant water 
temperature, this time with the probe vibrated at 40 Hz, we measured a 
change Sy of +3.5% per Centigrade degree change in water temperature, with 


the 25°C overheat and 100 cm s~! mean forward speed typical of submersible 
operations. 
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2.2 Cold platinum film, T' 


High frequency temperature fluctuations were measured with an 
unheated conical platinum film sensor (Thermo-Systems Model 1230T) on which 
the film covers the tip of the cone. Since some current must pass through 
the film in order to sense resistance changes due to temperature fluctuations 
in water moving past the sensor, the film is not truly "cold", and thus might 
have some small sensitivity to velocity. Positioning the film near the 
stagnation point of steady flow past the cone helps reduce the velocity 
sensitivity. We have tested our cold films in the vibrator used for velocity 
calibration of heated films (Section 2.1) and find no measurable change from 
steady flow output: the degree of velocity contamination of the cold-film 
temperature measurement is negligible. 


The original bridge for platinum resistance probes was designed at 
the Pacific Naval Laboratory (now Defence Research Establishment, Pacific) 
in the early 1960's (Grant et al, 1968). It was redesigned in 1976 by the 
Ocean Mixing Group at 1.0.S., to be compatible with the space/power 
limitations of Pisces IV. The present bridge uses a platinum film probe, 
with a resistance in the range of 5-10 ohms, as one leg of an a.c. bridge 
driven by an amplitude-stable 11.2 KHz oscillator (Figure 10(a)). The 
actual bridge, bridge driver and detector are located in an underwater 
pressure case immediately behind the probe, in order to minimize probe lead 
resistance. Remaining circuitry is situated within the manned sphere of the 
submersible. Approximately 50 mV rms is applied across the probe, and then 
Zy (Figure 10(a)) is adjusted to give an approximate bridge balance at the 


mean water temperature T° The bridge can then be pseudo-balanced at any 
temperature within a range +T, about TY by summing the amplified bridge 


signal with a reference consisting of the oscillator voltage adjusted 
manually in both phase and amplitude. Output of the summing amplifier 
appears to be that of a balanced bridge, as any change in temperature of..the 
probe produces deviations from the null point of the summing amplifier. 
Final output from the bridge is a DC voltage with a variable gain of G=1, 2 
or 4 times Ao: the zero-frequency gain of the basic probe/bridge system. 
Further processing includes a high-pass filter with 3 db point at v 0.5 Hz 
and a constant gain of 11 in the pass band, and a pre-whitening filter with 
a gain of 2 at zero frequency and frequency response W(f) shown in Figure 8 
(and listed at standard frequencies in Table 1). A simplified block diagram 
of the whole system is shown in Figure 10(b). Probe/bridge characteristics 
of zero frequency sensitivity A and frequency response function A(f) are 


determined experimentally as described in the following sections. Raw power 
spectral densities for temperature ¢,.(£) (volts*/cps) are converted to 


physical units and corrected for response functions as follows: 


¢_.(£) (volt*/cps) 


,((CC)*/eps) = 
[s\-s(£)] 
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where S. = A\+G+1l+2 is the zero-frequency gain, and S(f) = |A(f) 


“W(f) is 


the frequency response function (normalized to 1.0 at zero frequency) of the 
system. 


As used in 1978, this bridge showed an undesirably high level of 
electrical noise at frequencies above 100 Hz, affecting the calculation of 
rate of dissipation of temperature fluctuations: this noise is not evident in 
the chart records presented in Section 3, since the chart recorder effectively 
filters out frequencies above ~ 100 Hz. 


2U20T “Sensitivity calibrations 


The zero-frequency sensitivity of the sensor/bridge system is 
measured (with G = 1) with the probe soldered into its final configuration 
on PISCES, because probe resistance (v 5-10 2) is small enough that changes 
in lead resistances before the bridge can significantly affect the calibration. 
The probe is immersed in vigorously-stirred water in an insulated flask and 
calibrated against a Hewlett-Packard quartz thermometer, starting from ice- 
point and working over about a 10°C range. Even on the lowest gain setting, 
the temperature circuit traverses full scale (+10 volts) over v 3°C range; 
the bridge is re-balanced each time full-scale is reached, so that a typical 
calibration consists of two or three separate sections. Since the zero- 
frequency sensitivity A_ is the slope of this linear calibration, we may 
average the slopes obtained by a least-squares linear fit to each individual 
section, or use such a fit to normalize each section to relative temperature 
(T - TO)» then determine a slope from the ensemble of points. The results 


are equivalent to within 0.1%, and we have chosen the latter procedure 
because it allows us to present duplicate calibrations more easily. Figure 11 
presents two field calibrations of the cold-film, before the start of the 
Knight measurements (Nov. 8) and one day before the end of measurements 

(Nov. 22). The two sets show a 5% difference in As we choose to use the 


final value of Ay = 0.408448 volts/°C since this was closest in time to most 


of the measurements. 
2.2.2 Frequency-response calibrations 


The frequency response of the cold-film/bridge system was determined 
by the plume tank method originated by Fabula (1968), as subsequently refined 
by Hughes (see Appendix to Fabula, 1968). A thermistor is tracked slowly 
(UU. = 0.02 cm s~*) through the steady narrow convective plume rising from a 


single heated wire stretched across a calibration tank. The thermistor is 


then removed and the cold-film probe is shot across the plume at a constant 
speed Up which can be varied from a few centimetres to a few metres per 


second. The ratio of the power spectral density of the platinum thermometer 
signal to that of the thermistor signal (scaled in frequency to allow for the 
different speeds at which the two probes traverse the constant domain in 
physical space) then yields A(f)-A*(f), the square of the magnitude of the 
(complex) platinum response function A(f). According to the theory of Fabula, 
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A 
—/—n7f 
la(f)| =e 5 where f is frequency in Hz, K is the thermal diffusivity 
of water, and A is a length scale of the order of the velocity boundary-layer 


te 
thickness over the film. Thus a plot of 1n|A(F) | against (f)* should yield a 
1 
ON 
straight line through (0,0) with slope -(2 7 , from which the parameter A 


may be determined for each particular cold-film probe at the roughly 

100 cm s~! operating speed of Pisces, Figure 12 shows such a plot for the 
probe (TS-T1l) used in the Knight Inlet measurements. The straight line 
yields a value of A = 0.00217 cm (using K = 1.44 x 1073 cm? s~! for fresh 
water at v 20°C). Plotted points fall below the curve at high frequencies 
due to a 300 Hz low-pass filter in the temperature bridge. We do not yet 
know the reason why the lowest frequency points lie above the line. 


1S 


2.3 Airfoil probe: v and w 


2.3.1 Principle of operation; sensitivity calibration 


Details of the manufacture and operation of the original (two-axis) 
airfoil probes for use in the ocean have been given by Osborn and Crawford 
(1977). On PISCES, we used single-axis probes manufactured at the Institute 
of Oceanography, University of British Columbia, and most kindly provided 
for the operation by Dr. T.R. Osborn. The single-axis probe is a single 
Piezo-ceramic beam mounted in a hollow stainless-steel tube, over which is 
moulded a soft expoxy nose-piece which waterproofs the sensing element while 
still allowing it to bend freely. As the beam bends under the aerodynamic 
lift produced on the probe tip by fluctuating velocities, the resulting 
voltage between the two sides of the beam is sensed by the probe electronics, 
producing an output voltage E proportional to F, the total cross-force 
acting on the probe tip. Inviscid potential flow theory for a slender body 
of revolution (Allen and Perkins, 1952) yields the following expression 
tor F; 


ig © (+ e.U2) A sin 20 as 


L 
where A = | oa dx is the integral of the rate of change of cross- 
Oo 


sectional area from the probe tip at x = 0 to a point x = L at which the 
diameter becomes constant, U is the mean speed parallel to the probe axis 


and a is the instantaneous angle of attack of the total velocity vector Up 


For small angles a, i.e. for v << U in Figure 13, sin 2a = 2v/U and 
expression (1) reduces to 


F = pAUv (2) 


from which it is evident that the airfoil probe senses cross-stream velocity 
fluctuations. The relationship 


E = . poUv 


2 
defines a probe sensitivity S (in units of volts/(g em=3)(cm s~!) which is 
a function of the individual probe and the gain of the associated 
electronics. S was determined experimentally for each probe before and 
after the cruise. Osborn and Crawford (1977) describe the calibration 
technique, which consists of rotating the probe at constant frequency 
(2.5 Hz) in a submerged water jet of constant speed ae If a = the angle 


between probe and jet axis, and ESS = the root mean square value of the 


sinusoidal voltage variation produced as the probe tip rotates in the mean 
flow, measured by a true rms voltmeter, then 
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E = vV2E = p9SU.vez 
rms j 


No 
GS 


S sin 2a (3) 


using the small angle approximation for sin 2a. Thus, if m is the slope of 


a graph of E ms! ° U. as a function of sin 2a, the probe sensitivity is 


S = SS 


Figures 14(a) and (b) show calibrations for the two probes used in Knight 


Inlet, distinguishing between calibration points from before (+) and after 
(©) the cruise. Within the accuracy of the calibration technique (45% is 
claimed by Osborn and Crawford (1977)) and the slight variations between 
the two independent calibration sets, the linear relationship given by (3) 
is seen to provide a good fit for angles of attack less than % 12° 

(sin 2a < 0.4). The straight lines are linear least squares fits to data 
points with sin 2a < 0.4; their slopes m. are used to calculate probe 
sensitivities S. c 


The electronics used in PISCES had variable gain. Measured gains 


at the switch settings used during the field work are shown in Table 2: 
the setting normally used was G = XS. 


TABLE 2: Standard gain settings used in airfoil probe electronics. 


AIRFOIL PROBE GAIN SETTING 
Channel No. X1 X2 XS 
1 10.4 20RD an baad 
2 9.9 19.8 49.9 


The voltages E. output from the shear probes were converted to physical 


units of cm s-! by the relationships 


Ey 
eeeD oUS Gy 

Eo 
sige 
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where U = mean forward speed of submersible from rotor current meters 
(Section 2.6), S. = 272 m, = probe sensitivity, G. = channel gain, and op is 


the density of seawater,taken as 1.02. 
2.3.2 Effect of temperature on probe sensitivity 


The airfoil probes were calibrated in water of mean temperature 
ta. Cs since water temperature in Knight Inlet was typically v 9°C, the 
probe sensitivity has been corrected for an increase of v 0.5% per °C below 
calibration temperature (T. Osborn, personal communication), using mean 
temperature measured by thermistor B. 


24585 Frequency{wavenumber) response 


The frequency response of the probe itself is not well known at 
present. Osborn and Crawford (1977) report that standard calibration is done 
with a rotation rate of 2.5 Hz, and that doubling this frequency produces 
no change in output, suggesting that the response is flat to at least 5 Hz. 
Calibration against a laser-doppler system is presently being attempted 
(Osborn, personal communication). The shear circuits contain a high-pass 
filter, down 3 db at 0.5 Hz, which was included to remove any low 
frequency temperature-induced effects, rapidly rising and more slowly 
decaying offsets observed when a probe passes through a strong fine structure 
temperature gradient during usual vertical free-fall deployment. Since the 
PISCES path through the water is nearly horizontal and the ocean stratifi- 
cation is mainly vertical, the effective gradients encountered are much 
smaller and temperature-induced effects are seldom noticed. Low frequency 
roll-off due to this filter is removed in spectral processing. 
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2.4 Conductivity 


Conductivity was sensed with a freely flushing sensor similar to 
that described by Nasmyth (1970). Two pairs of field electrodes, spaced 
~ 0.2 cm apart, are supplied with constant current: changing resistance of 
the seawater path between the electrodes produces a fluctuating voltage 
which is sensed by a pair of pick-up electrodes located between the field 
electrodes. The sensor is calibrated by measuring the output voltage (V) 
as a function of temperature (T) with the sensor submerged in a well-stirred 
bath of constant salinity water. Salinity S is determined from water 
samples using a Guildline Auto-Salinometer, while T is measured by a 
Hewlett-Packard quartz thermometer. Conductivity (C) is then calculated 
from measured S and T, using the algorithm developed by Ribe and Howe (1967) 
with p = 0. The bridge output voltage is a highly linear function of 
resistivity R = 103/C. Unfortunately, during the 1978 field operation, the 
sensor and bridge system had some still undetermined fault which caused 
sizeable offsets among calibrations carried out in the laboratory (Oct. 6/78), 
and in the field before (Nov. 7/78) and after (Nov. 20/78) measurements: 
these three calibrations are shown in Figure 15. We have two reasons for 
using the last calibration, carried out in Knight Inlet immediately after 
the end of field observations. First, we suspect that the fain) bie sin 
some sensitivity of the bridge to mean temperature, and the air temperature 
in Knight Inlet was closest to measured water temperature; secondly, at 
times when Pisces was operated in the vicinity of the profiling Guildline 
CTD system used on the Vector by the Coastal Zone Oceanography group of 
1.0.S., salinities calculated with the Nov. 20 calibration agree reasonably 
well. We use the salinity measurement only qualitatively. 
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2.5 Thermistors 


Two thermistors were carried on Pisces.. TA, at the level of the 
high-frequency sensors, was mounted in the throat of the through-flow 
conductivity sensor described in the previous section, and used with 
measured conductivity and pressure to calculate salinity. TB was mounted 
Az = 0.8 m vertically above TA; the value of (Tp - Ty)/Az provides a 
reasonable estimate of the vertical temperature gradient, given the low 
path angles to horizontal which are typical of submersible operations. 


The two thermistors employed had different characteristics. TB, 
a VECO 32A91 glass bead thermistor with v 0.02 s time constant (Fabula, 
1962) maintained mean calibration against a quartz thermometer over the 
period of measurement. Figure 16 shows before (©) and after (+) 
calibration points, and a linear least squares fit to the combined calibration 
data. 


In all previous work, a similar thermistor had been used in the 
conductivity head, but for this cruise it was replaced by a Thermometrics 
A1B10 micro-bead, in an attempt to decrease the response time of the 
temperature measurement to match that of the conductivity sensor more closely. 
Unfortunately, the epoxy used to mount these new thermistors absorbed water 
under pressure, resulting in frequent calibration shifts of Th: When the 


problem was identified, about half way through the Knight Inlet measurements, 
the fast-response thermistor was replaced by another similar to TR a fit 


to the combined calibrations of this thermistor (No. 22) upon mounting 
(Nov. 15th) and after completion of the cruise (Nov. 20th) is shown in 
Figure 1/7. 


Calibrations of fast-response thermistors (No. 1 and No. 2) at 
various times during their periods of operation show that the main effect of 
water absorption in the epoxy was a zero-shift of calibration rather than a 
gain change (see Figure 18(a) and (b)). For those records affected, I have 
corrected the zero-temperature of Th by comparing the output to the stable- 
calibration T, in a region of low vertical temperature gradient, identified 
on the basis of no change in T, (to +0.025°C) as the submersible travels 


slowly up or down: for gain, I have used the average of the results for 
available calibrations. Such an in sttu calibration against T. is certainly 


sufficient to remove the roughly 0.5°C offset evident between the Oct. 10/ 
Nov. 7 and the Nov. 12 calibrations of thermistor No. 1, for example. 
However, it is difficult to decide on the real error involved in such a 
procedure. It seems likely that the value of Ths thus corrected, has »v 


+0.05°C absolute accuracy and v +0.015°C relative accuracy. 
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2.6 Rotor current meters; U, V and W 


Mean forward speed U through the water must be known accurately, as 
it affects the high-frequency measurements in two ways. The gains of both 
the heated-film and airfoil velocity probes depend on U, and the mean speed 
of water past the probes is used to convert from the time domain of 
measurement to the space domain in which theoretical predictions are 
formulated. In addition, measurements of the mean cross flows V and W are 
necessary to identify periods when the angle of attack 0 of the mean flow 
exceeds limits over which the airfoil probes have constant gain and the 
‘platinum film acts as an axial speed sensor. On Ptsces, these mean flow com- 
ponents are measured with a set of 1.9 cm diameter ducted rotors developed by 
J.D. Smith of the Oceanography Department, University of Washington (for a 
description of the sensor and circuitry, see Smith, 1974). The rotors are 
mounted in such a way that a substantial component of the large mean 
forward speed is sensed by each rotor, eliminating threshold problems. With 
small corrections, discussed under angle-of-attack corrections below, each 
rotor is essentially a speed sensor measuring the component of flow parallel 
to the rotor axle. Rotor axle configuration relative to the axis OX of the 
high-speed sensors is shown in Figure 19(a). Figure 19(b) shows a head-on 
view of the rotor arrangement. Measurements of speed along the three 
non-orthogonal axles (heavy lines at A, B, and C) can be combined to 
give components of velocity in the submersible coordinate system as defined 
in Figure 2 to result in a positive value for U = speed of water parallel 


to high-frequency probe axes. If Uy» Up and ua are the speeds parallel to 


the A, B and C current meter axles, then 


UW. Sou Fu 


fe ey a 
3 cos 35° 
Ve= Up, - Uc 
Mabe ASF Peat oo ast ) ZUR ES UY - 
pOEEARAPE yanr ee Bon Cy eee ee Be 
cos 55° 3 cos 55° 


The total angle-of-attack 0, defined as the angle between the mean 
velocity U, and the axis of the high-frequency probes, can then be calculated 
as 


preiht 30209.4W2 ° VF 
Q@ = sin 
Uz ~ y2 + w2 
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2.6.1 Head-on calibrations 


At zero angle-of-attack, the calibration equation for a single rotor 
is 


wie sa+ mf 


where u is the flow speed parallel to the rotor axle, a and m are empirical 
constants, and f is output frequency 


100106 _ 100106 
COUNT 62767) +VD; Us 


measured by a digital circuit which increases COUNT by 1 every rotor 
revolution. 


Individual rotor calibrations against flow speed in the I.0.S. water 
tunnel are shown in Figure 20(a) to (c). The points from separate 
calibrations carried out before (+) and after (©) the cruise agree to within 
~ +0.5 cm s~! and have been combined for the determination of calibration 
constants a and m given in Table 3. 


TABLE 3 Calibration constants for the three rotors used during 
Knight Inlet measurements 


Rotor No. a m 
RCM A 1 1.8848 6.8526 
B 5 T8593 6. / 156 
C 2 1.7914 6.7990 


The mean forward speed of the submersible is approximately 100 cm s~}, 


since each ‘rotor thus senses on average 100(cos 35°) cm s~* = 
80 cm s~!, error due to the head-on calibration is ~ (+0.5/80) x 100% = 0.6%. 


2.6.2 Angle-of-attack corrections 


Small additional errors arise because the ducted rotors do not have 
a perfect cosine response, that is, do not sense exactly U,cosoO if a mean 
velocity U, makes an angle 0 with the current meter axle. The true axial 


speed u can be expressed as: 


u = Up g(0) = (a + mf)g(0) 
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where Up is the speed registered by the rotor and g(0) is an empirical 


function. If the angles Y = yaw angle of rotation from head-on about the 
current meter stem, P = pitch angle from head-on in the plane of the stem, 
and © = total angle of attack are defined relative to a calibration 
coordinate system with x-axis parallel to a steady mean flow as shown in 
Figure 21(a) to (c), the function g(©) is defined as 


~ J COs wo 
Ahi tla a + mf 
18 
where 0 = tan7/{(tan? Y + tan* P)*} (see Figure 21(c)) and U is the mean 


calibration water speed. This definition is such that g(©) equals 1 for a 
perfect cosine response. Our rotors tend to overspeed slightly (g(0) < 1) 
for the moderate angles of attack typical of the submersible application. 


The surface g(0) = g(P,Y) is shown schematically in Figure 22. In 
practice, since the mean forward speed of the submersible greatly exceeds 
typical cross-flows, variations in angle-of-attack are generally less than 
10°, and it is only necessary to define the shape of g(0) close to the mean 
yaw and pitch angles. Y and P for each rotor, as determined by its mounting 
configuration and the assumption of zero cross-flow, are noted in Figure 22. 
Angle calibrations for each rotor will be presented as three sections 
(shown schematically in Figure 22 for the B current meter): g, (0,¥) which 


will be used to determine a zero-correction for yaw angle Y as described 
below; g,(P,Y), a section parallel to the yaw axis at P = mean pitch angle 
of rotor; and g(P,Y), a section parallel to the pitch axis at Y = mean 
yaw angle of the rotor. 


A special calibrator has been designed to fit the 1.0.5. warer 
tunnel, allowing calibrations in the range -50° < Y < +50° and 0 Sipe 50 
Pitch angle is measured with an accelerometer attached to the current meter 
stem (see Section 2.7 on accelerometers) and should be accurate to a fraction 
of a degree. A satisfactory measurement of yaw angle is more difficult 
without gravity to provide a convenient and repeatable zero. Rotating the 
current meter head to obtain maximum output serves to align the rotor 
approximately parallel to the flow, to +2° say, but zero errors of this 
amount lead to noticeable asymmetries in the response curves. From the 
original calibrations of similar rotors in the University of Washington 
towing tank where the mean flow, produced by movement of a Carriage, 1S 
accurately parallel to the rotor axle, we know that the response function is 
a symmetric function of yaw. Thus we have chosen to key the approximate 
zero yaw position at the beginning of each set of angle calibrations 
(ensuring that the rotor returns to the same, even if slightly incorrect, 
zero position for all calibrations), and determine a zero correction A for 
yaw by requiring that the yaw calibration be symmetric about zero. For 
example, Figure 23 shows the effect on the original g (0,Y) (+) of assuming 
zero errors of -1° (#) and -2° (©) in Y: the choice Sf -1° makes the 
calibration reasonably symmetric, while -2° forces an asymmetry opposite to 
the original. Thus, we choose A = -1° and in all subsequent calibrations 
of the same rotor, apply this correction to Y (measured on a protractor 
accurate to +0.5°). 
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The set of three calibration sections for each current meter is 
given in Figure 24(a) through (c). The value A of the zero correction which 
has been used for yaw is noted on Figure 24(a). We mention two things about 
this calibration. First, it is extremely repeatable, implying that the zero 
error in yaw indeed remains constant as long as the rotor is not removed 
from the calibrator. Secondly, the value of g, (0°, 0°) is a very sensitive 


indicator of the long-term stability of the head-on calibration of these 
rotors. Using calibration coefficients a and m determined at the time of 
the 1978 sea trip, the value of g (0°,0°) in these late 1979 angle 
calibrations is within 1% of the expected value of 1.0. 


The other two relevant_sections are plotted in Figure 24(b) and (c). 
Note that values of g(0) = g(P,Y) at the mean P and Y values appropriate 
for each current meter agree to within +1% between the two calibrations. 
Averaged over a sufficiently long piece of record, V = W = 0, and hence 
mean speed U can be calculated to +1% using g(P,Y) only: values used are 
g, (35°,0°) 02965; 8, (20°, 30°) = 0.945 and 8. (20°, -30°) = 0.960. However, 


for spectral processing of orthogonal velocity components, the lines or 
curves drawn through (P,Y) on each section are used to correct g(0) for 
small angle-of-attack variations about (P,Y) due to non-zero cross-flows. 
For example, if U,. = (U,V,W), then 


Pp! 


tan"? | 


cl= 
ad 


and y’ 


tan"? | 


cl< 
EE) 


are small corrections to the mean angles of attack (P,Y) for each rotor. A 
two-step iterative process results in +1% accuracy for individual values if 
P' and Y' are less than 10° (although larger values occasionally occur, 
output from the high frequency probes will be unreliable at these times, 
hence there is little interest in spectral processing of these current 
meter records). The first step uses g(P,Y) to correct each rotor output 
and calculate U, V and W, which are used to calculate P' and Y' as defined 
above. If P’ and Y' are small angles, the arc angle e = tan7!(y'/P') can 
be used to interpolate on the response surface of a given rotor between 


Peis: ) = Ep (P sy B' av) 2 Sp (P,Y) 
and FYG@é:)) = eo P Pp ¥erre’ ) = els sy ae! 
1 Z 1 Z2 t 2 . . 
where (B')“ = (P")° + (Y')° (as shown in Figure 25), 


giving the correction 
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fi ge simPP (e" yas = (FY(6') - FP(B')) . 


The corrected response (g(P,Y) + Ag) is calculated in this way for each rotor, 
then used to re-calculate U, V and W. 


2.7 Pressure gauge 


Pressure is sensed with a Computer Instrument Corporation Bourdon 
tube transducer, mounted in a separate pressure case just behind the main 
instrument package. Calibration against a dead-weight tester, before the 
cruise is shown in Figure 26. Manufacturer specifications claim a static 
error of +0.6% of full-scale pressure, or v +4 dbar for the 1000-psi gauge, 
but observation of pressure difference at the surface before and after 
a dive indicate that differences of the order of +2 d bar were typical of 
absolute error. A noise level equivalent to +0.2 dbar arose from electrical 
pickup inside the submersible, where the pressure signal is displayed as 
part of the pilot control system. 
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2.8 Accelerometers 


Three Sundstrand Model QA 1000 accelerometers were mounted in an 
orthogonal jig within the main pressure case 0.35 m behind the 
high-frequency sensors, all of which are affected to varying degrees by 
vehicle vibrations. Output from the accelerometers provides information 
both on low frequency (pitch and roll) attitude changes of the submersible 
and on high frequency accelerations due to vibration. Manufacturer 
specifications claim resolution as an accelerometer of better than 
((1 x 107®)g) for frequencies to 300 Hz. Thus the accelerometer output 
was low-pass filtered with a half-power point of 100 Hz before sampling at 
250) Hz: 


For calibration, an accelerometer was first used to level a machined 
platform, then mounted on a 5 inch sine bar: output from the accelerometer 
was recorded as a function of angle a from level as the sine bar was rested 
on different gage blocks. Figure 27 shows output voltage to be a highly 
linear function of sin a for five accelerometers (the three used are 
underlined). The curves are shifted relative to each other for clarity 
and zero for each accelerometer is marked by a horizontal bar at lower left. 


Calibration coefficients are listed below for the PITCH 
(accelerometer axis parallel to axis of main pressure case and high-frequency 
sensors), ROLL (accelerometer axis perpendicular to PITCH axis in horizontal 
plane) and VERTICAL (accelerometer axis perpendicular to PITCH axis in 
vertical plane) sensors, where the output voltage V is given by: 


Ve =t0ViOF ¢( sin Qa + x) 
0 g 
V, = volts out at a = 0, x = 0 
a = angle of inclination from horizontal 
X = acceleration 
g = acceleration due to gravity, taken 
as 980 cm s~2 
TABLE 5: Accelerometer calibration constants 
PEEGH ROLL VERT 
(210) (209) (367) 
Vo (volts) -0.0531 +0.0007 -0.0035 


G(volts/g) 8.546 8.253 7.805 
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The low-frequency information provided by the PITCH and ROLL 
accelerometers is interpreted as true roll and pitch. However, without a full 
inertial navigation system, there is no way to distinguish, for example, be- 
tween true rolling motion and low-frequency yawing motion: thus the 
designations PITCH and ROLL should be interpreted loosely, and the low- 
frequency information used only as a qualitative indication of submersible 
motions. 


The primary use of the three accelerometers is to measure vibrations 
parallel to the axes of the high-frequency velocity components measured by 
the hot film and airfoil sensors. Bit size in acceleration of 
((3.052 x 107+ g)/G)cm s~*, (for example, 0.036 cm s~2 for the ROLL 
accelerometer) is not a limiting factor for this measurement. Typical 
accelerometer spectra are shown in Figure 28. The fundamental vibration 
frequency (1 at 10.8 Hz) is that of the propellers used to drive the sub- 
mersible, and shows up much more strongly in ROLL, the cross-submersible axis, 
than in PITCH or VERT. The strut can't be further strengthened in this 
direction because the attachment points to the submersible are fixed and not 
very far apart. Various harmonics of the fundamental are noted in Figure 28. 
Fortunately for our purpose of measuring a broad-band turbulence spectrum, 
the vibration peaks observed, with the exception of the 10.8 Hz peak in ROLL, 
are quite narrow: frequency resolution in Figure 28 is © 0.5 Hz and most of 
the peaks are only one point wide. Exceptions are the broad-band vibrations 
in the PITCH (fore-and-aft) direction above about 30 Hz. 


"Velocity" spectra can be formed by dividing the accelerometer 
spectra by (2nf)*, and Figure 29 shows such a derived axial velocity 
spectrum (heavy solid line) plotted over a set of ‘universal curves, the 
velocity spectra expected for the noted values of turbulent kinetic energy 
dissipation e€ (cm? s~3) if the turbulence satisfies Kolmogoroff's assumption 
of isotropy and universality. Positions of the maxima of the dissipation 
spectra for these values of e€ are marked as solid circles along the locus 
of the dissipation maximum. It is clear that the system should allow 
measurement of € values down to ~ 1075 cm* s~3, provided that no large 
amplification of vibrations occurs over the approximately 25 cm separating 
accelerometers and high-frequency probes. Also shown in this figure is a 
shaded area corresponding to a range of "noise" spectra of axial velocity 
from a hot-film velocity sensor operated on a depth-controlled towed body 
(Gargett, 1976). The improvement in effective velocity noise level offered 
by the submersible system is apparent. 
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3. Measurements 


Knight Inlet is one of the narrow steep-walled fjord-type inlets 
which indent the mainland coast of British Columbia. Most of the fresh water 
input to the surface layers comes from the Klinaklini and Franklin Rivers at 
the head of the inlet. As shown in Figure 30, the inlet is divided into two 
basins, an outer shallow one and a deeper inner one, by a sill rising within 
63 m of the water surface. Strong surface bands of alternately smooth and 
ruffled water were identified as due to internal wave motions as early as 
1954 (Pickard, 1954). Recent observations by Farmer and Smith (1980) have 
demonstrated that a large group of internal waves (first mode in the winter 
and second mode in summer) is generated by tidal ebb flow over the submarine 
sill across the inlet, and propagates up-inlet on the flood tide. Freeland 
and Farmer (1980) demonstrate that these wave trains carry sufficient energy 
to dominate vertical mixing process in the inlet; thus it seemed of interest 
to obtain direct measurements of the dissipative scales of turbulence through 
such a wave train. 


Measurements through the internal wave train at various distances 
from the sill were obtained on Nov. 13 through 19, as the tidal range 
decreased from 3.3 m to 2.0 m. High wind conditions prevented measurements 
on Nov. 18. Figures 3l(a) and 31(b) show rough dive tracks for each day, 
with launch and recovery positions marked by solid and open circles respec- 
tively. Since the submersible does not carry positioning gear, the courses 
shown are those of the tracking launch, as taken from the ship's radar. 
However, the launch generally follows the submersible quite closely, particu- 
larly when, as here, there exists some chance of hitting the sides of the 
inlet if the submersible were allowed to get too far off course. Dives on 
Nov. 13 and 14 used the hot-film velocity probe TSI-8214, later found to 
have an unstable calibration. The remaining dives through the wave train 
(Nov. 15 through 19) used the stable probe V30. On all dives except Nov. 19, 
we achieved at least one and often two passes through the turbulent wave 
train. However, transects down-inlet, i.e. against the direction of 
propagation of the wave train were often unsuccessful because very strong 
downwelling velocities at the leading edge would push the submersible down, 
much like a helpless Swallow float following the rapid plunge of a near- 
surface streamline. Thus the most successful passes through the wave train 
were from behind its leading edge, in the direction of propagation. 


Figure 32 shows the complete set of variables measured by the 
submersible system during such a transect on Nov. 16. This record contains 
a number of features typical of submersible operations in general, as well 
as those characteristic of measurements within the wave train. 


The pressure record far back in the wave train (left of Figure 32) 
shows the slight and relatively gentle changes in descent rates which are 
introduced by pilot adjustment of submersible wing angle. The step-like 
changes in pressure further forward in the wave train, and the steep descent 
rate immediately in front of the leading edge (right of Figure 32) are all 
effects of strong vertical velocity fields acting on the large plane surface 
of the wings. At the leading edge of the wave train, this effect was often 
so large that, as in this case, even a full upward angle on the wings was 
not sufficient to stop the steady descent of the submersible. 
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The accelerometer records (bottom three traces) show other effects 
of the water motions within the wave train. To the left of Figure 32, all 
three traces are characteristic of general submersible operations. The 
submersible has a relatively regular rolling motion with 5 to 10 second 
period, while pitching motions are typically more irregular with longer 
periods. These low frequency pitch and roll motions are noticeably larger 
through the front third of the wave train, as the submersible is moved 
around by much stronger wave and turbulent velocity fields. Because the 
submersible is moved by velocity fields with scales comparable to itself, 
we cannot measure the energy-containing range of the velocity field in the 
absence of complete, accurate and rapid information on the submersible's 
position. At higher frequencies, however, there is no noticeable change in 
accelerometer signals between the rear and the front of the wave train. 


The upper three traces in Figure 32 are respectively temperature, 
salinity, and an estimate of vertical temperature gradient from the 
temperature difference over 0.8 m. Passage through the leading edge of the 
wave train is marked by a narrow spike of very cold and fresh water, as the 
surface layer of the inlet is swept downward by the same strong vertical 
velocities which push the submersible down in this region. In these traces, 
passage through an internal wave crest is marked by appearance of warmer 
saltier water, as the submersible moves into water characteristic of the 
lower layers of the inlet. Such appearances are marked a - b - c - d in 
Figure 32, and serve to locate the high frequency turbulent fields within 
the framework of the internal wave train. Defining the z-axis as positive 
upward, the temperature gradient in the upper layers of Knight Inlet is 
normally negative. Our gradient estimate is normally negative (left of 
Figure 32), but toward the front of the wave train, it shows an increasing 
incidence of positive values, indicating overturning on at least the 0.8 m 
vertical scale of the measurement. 


The high frequency temperature (T') and velocity (u,v,w) traces 
include frequencies from 1 to 100 Hz, corresponding roughly to horizontal 
scales of 1 metre to 1 centimetre. All three velocity traces have similar 
character, although different effective noise levels due to vibration-induced 
velocities. As expected, the cross-submersible airfoil channel (v) has 
the worst such noise level. It is clear from these analog records that the 
turbulence in the wave train is confined to the upper layer of Knight Inlet; 
passage of the submersible into the warmer saltier lower layer is associated 
with a return to noise level on all three velocity channels. 


The mean forward speed of the submersible as measured by the heated 
platinum film (Upy) generally agrees with that measured by the triplet of 


1 


rotor current meters (U,.,,) to within +2 cm s”*, adequate agreement consider- 


RCM 
ing that the two instruments are separated by v 0.28 m vertically and 

~ 0.33 m horizontally. Rotor-derived measurements of low frequency cross- 
flows (V and W) have been combined with mean forward speed to produce 0, 

the instantaneous angle of attack of the mean flow relative to the axis of 
the high-frequency probes. This is an essential parameter to monitor, be- 
cause performance of both heated-film and airfoil probes degrades for angles- 
of-attack larger than v 10°. Except in a few limited portions of the record 
near the front of the wave train, © is certainly less than 10° and routinely 
less than 5° for typical submersible operation. 


Pa 


We also attempted some measurements on the downstream side of the 
sill on ebb tide, when large internal hydraulic disturbances tied to the sill 
produce a near-surface mixing layer downstream (Smith and Farmer, 1980). 
Tracks for November 20 and 21 are shown in Figure 3l(c). These observations 
were less successful than those through the internal wave train, partly 
because of our reluctance to approach too closely either to the strong flows 
associated with the internal hydraulic jump in the waters over the sill or 
to the sides of the sill itself, and partly because of timing, which had us 
diving in this location at a time of slackening ebb. However, on one of the 
closest approaches to the sill on November 21, we encountered strong 
continuous turbulence in the near-surface layer. Figure 33 shows records 
obtained in this region as the submersible travels originally towards the 
sill, then turns through 180° near the middle of the record to move away 
from the sill over the last half of the record. At the beginning of the 
record, high frequency velocity and temperature signals are very weak as 
the submersible passes down and back up through a strong temperature and 
salinity gradient separating the warmer saltier lower layer of the inlet 
from cooler fresher near-surface waters. As the submersible moves closer to 
the sill within the upper layer, continuous turbulence is encountered, but 
it apparently disappears abruptly about halfway through the submersible's 
turn. This is probably the result of a slight depth change, as the 
submersible sinks below the turbulent upper layer during the turning manoeuvre: 
continuous turbulent signals reappear abruptly as the submersible rises 
slightly in the water column on its new course away from the sill. 
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Appendix: 


Tables 


TABLE Al: 


Probe list, all dives; 


Jk 


Tapes 815-844 are Knight Inlet data. 


TAPE 


RCM 


802-804 


805-810 


811-814 


815-817A 


919-822 


823-844 


TSI-8214 


V30 


11A 


15A 


12A TS-Tl i ii 26 1 5 a 


10A 


22 


a 


TABLE A2: Data Channel numbers and sample rates 

2 nn 
SCRIBE SAMPLE RATE HP 
CH, NO SIGN H 


Differential Inputs: 


0 PV = Platinum Velocity, high-pass (u) 1000 0 
1 TPV = Platinum Velocity, low-pass 25 1 
2 PT = Platinum Temperature, high-pass (T*3 1000 2 
3 G = sConductivity 250 3 
4 TA = Thermistor A (in conductivity cell) 250 4 
5 TB = Thermistor B 250 5 
6 Ground pa 6 
7 Spare 25 is 
8 Spare 25 8 


Single- ended Inputs: 


10 S,; = Cross-Slow velocity, Channel 1 (w) 250 16 
11 So = Cross-Slow velocity, Channel 2 (v) 250 17 
12 P = Pitch accelerometer 250 18 
13 R = Roll accelerometer 250 19 
14 V = Vertical accelerometer 250 20 
15 IP = Pitch accelerometer inside sphere 250 Zr 
16 IR = Roll accelerometer inside sphere 250 Pap 
17 D = Pressure 25 25 
18 Ground 25 24 
19 + Reference 25 25 
1A - Reference 29 26 
1B Spare 25 Ze 
1C Spare Zo 28 


Digital Inputs: 


20 A =e “Rotor A 25 32 
PH B = Rotor 8B 25 Oe 
22 ie = Rotor C front view 25 34 
30 Spare Pie ao 


A/D CONVERTER: 


Hide wi yee SR ORES SS ects 76 x10 says 


note 


ou 


TABLE A3: PISCES Dive Information, Knight Inlet, B.C., November 1978. 
LAUNCH TIME IN 
DIVE DAY-MO TAPE FILE CASS RECORD NO. RECOVER WATER 
NO. NO. LAT(N)  LONG(W) (HR) 
705 3271 812 i 12 1-5119 S0;439" 125 °45-6.. 3.5 
13 5120-5241 
2 13 157i 
14 5112-8735 
813 1 14 11297 
7 1298-6123 
2 17 1-617 
18 618-5775 
814 1 19 1-5300 
21 5301-11214 50 41.9 125 46.0 
706 14-11 815 1 aT 1-5401 50 41.5 125 49.4 B95 
2 33 1-5506 
816 1 34 1-5544 
2 35 1-5510 
817 1 36 1-5468 
2 37 1-936 
3 37 144s 
817A 1 38 1-5724 50 41.2 125 49.6 
707 15-11 819 i ig 1-5485 SG 41.35 125'°50.4 3% 
2 10 1-5350 
3 12 1-1524 
820 1 12 1-3616 
13 3617-8794 
2 13 1-2625 
14 2626-5361 
821 1 14 Vapor 
ibe 122-5460 
18 5461-10537 
822 1 19 1-5628 
2 21 1-667 
3 22 1-50 77, Sor 4d 73925 50.4 
708 16-11 823 1 31 1-5594 50 41.8 125 45.8 506 
. 2 30 1-5376 
824 1 32 1-5506 
2 33 1-5476 
825 1 34 1-5808 
2 35 1-5506 
826 1 36 1-562 
2 36 1-5161 
3 37 1-5409 
4 38 1701 50 41.8 125 48.2 


34 


SS 


LAUNCH TIME IN 
DIVE DAY-MO TAPE FILE CASS _ RECORD NO. RECOVER WATER 
NO. NO. LAT(N)  LONG(W) (HR) 
che ee st) ee nes. 5 
70014) 17-ivtomees 1 11 1-5779 Sit 42-5. 126 40S 6 co aeg 
> 12 1-5140 
828 1 13 1-5867 
2 14 1-4909 
829 1 18 1-5346 
2 19 1-5535 
830 1 21 1-6056 
2 22 1-5384 
830A 39 1-3540 50 42.6 125 45.5 
eee ee, ee ee ee 
whe AG-T 1 west 1 30 1-5594 CONMdO. 9 “ese 53.5 a 
2 31 1-5384 
832 1 32 1-5531 
2 33 1-5493 
833 1 34 1-5808 
2 35 1-5473 
3 36 1-256 50° 40.3 " 128) 55.5 
oY Rel geeotepepenet Ne ee 
Fie 20-1] fp 834 1 11 1-5749 sy 43.0 106801.5 ./°328 
2 12 15d 
835 1 13 1-5523 
2 13/14 heSGob 
836 1 18 1-5388 
2 19 1-5581 
836A 1 21 1-6000 50 40.4 126 02.3 
UB i Boke eee ee ee 
ya ae es ae, 1 30 1-5573 5040S 126702.54 a eae 
2 31 1-5401 
838 1 32 1-5552 
2 33 1-5489 
839 1 34 1-5838 
2 35 Poeese 
840 1 36 1-5749 
2 37 1-540 
3 38 1-558 50 40.2 126 03.5 


35 
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Figure 1: Records from pitch (fore-and-aft) and roll (side-to-side) 
accelerometers document the rapid growth of a severe pitch instability, which 
made PISCES IV unsuitable for mid-water running before it was fitted with 
stabilizing wings. The submersible's driving thrusters were turned on full 
ahead at the beginning of this record, and off at the position noted. 


(ul Tow!) 


DETAIL 
PROBE CONFIGURATION 


Se a ee S x Sees SO a 


INSTRUMENT re ear oe 
PACKAGE MOUNTING STRUT a 


Figure 2: A side view of PISCES IV showing the stabilizing wings, and the 
position of the instrument package detailed in the inset at top left. All 


velocities are referred to the submersible-defined co-ordinate system shown 
here. 


40 


IV 
OTTAWA 


Figure 3: A rear view of PISCES IV, showing the three-bladed propellors of 
the thrusters which drive the submersible and the stabilizing wings necessary 
for turbulence research with this vehicle. The black rectangle at the 
trailing edge of the right-hand upright wing section is a trim tab, hydraulic- 
ally controlled from within the submersible to provide stability in yaw. 
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— AC DC OUTPUT 
Veen PROBE VOLTS VOLTS PRE- VOLTS 
> da WHITENING 
Sra SAO ON ee FILTER TO A/D 
P(f) W(f) CONVERTER 
Figure 4: Block diagram of the electronics associated with the hot-film 


sensor for axial speed u. For discussion, see Section 2.1. 
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140 T T ah 
Oe 2 O° C 
eg Raat 20: 13816 8-9-78 0 
db =—9 2.6969 l1-9-78 + 
a,=+ 22.915 l2-9-78(1) 4 
a, =- 92.809 I2-9-78(2) v 
100 0,5 44145. 10 [1-l2-78(1) x “ 
|1-l2-78(2) « 
= 80 P 
9) 
E 
oO 
ae. (*) 
x 60 
OH 20°, 
40 rs ea 
Cs (ih) 
rN OO | 
C e 
hoe th 2 2 AY EL RN ee ees 
s 4 » 6 ts 8 2 10 
rms AC (volts) 
Figure 5(a): Steady calibration of hot-film probe V30 for two different 
overheat values. Repeated calibrations at overheat 25°C were taken over a 


three-month period during which V30 was operated in the field for approximate- 
ly, 20°" hours, Coefficients a.,°1 = 0,4 ,are*for a fourth order” f1t (tothe 
1 


4 : 
1 
combined calibration data, i.e. U = } a, (rms AC)’. 
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140 a 
OH 25°C j 
120 © 5-9-78(1) ‘ 
+ 5-9-78(2) 
o 8-9-78(1) ° 
x §8-9=76(2) 
100 {9 
\/ 
~80 ti 
a) \/ 
€ 
oe! f Q 
>60 OH 252225 
after yee OH 25° 
before 
7 --¢ 
40 y 
TSI - 8214 Vg 
\/ 
20 


3 3 2 6 7 8 9 10 
rms AC (volts) 


Figure 5(b): Steady calibration data of commercial hot-film probe TSI-8214 
(Thermo-Systems Model 1230W). Calibrations run before using this probe in 
the field are repeatable, but differ considerably from a calibration after 
some 24 hours operation in salt water. 
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5 xl0-2 


S(volts/em s7!) 


20 40 60 80 100 120 140 160 
U(cm s°!) 
Figure 6(a): Sensitivity S of the probe/bridge system as a function of 


mean speed U for probe V30. The solid curve is a cubic least-squares fit to 
the set of points from dynamic calibrations at 30 Hz (+) and 50 Hz (x). The 
static sensitivities (© ) lie consistently below this curve. Around the 
100 cm s~* speed of submersible operations, the appropriate ratio value of 
Static to dynamic sensitivities is 1. 0.9. 


TSI - 8214 


S(volts/cm s-~') 


a 
20 40 60 80 100 120 140 160 
U(cm s"') 
Figure 6(b): Sensitivity S of the probe/bridge system as a function of 


mean speed U for probe TSI-8214. Static sensitivities (© ) for this probe 
equal dynamic sensitivities measured at 30 Hz (+). 
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e 13-8-786 U= 80cms'! 
© 14-8-78 U= 80cms'! 
+ 14-8-78 U=+l00cms"! 


V30O 


10 100 1000 
f(Hz) 
Figure 7(a): Probe/bridge response as a function of frequency for V30, 


normalized to 1.0 at 40 Hz. 


e 12-10-78 
o 12-10-78 


TSI- 8214 


u=lOOcms-! 


NORMALIZED TO 1.0 AT 20Hz 


100 1000 . 
f(hz) 
Figure 7(b): Probe/bridge response as a function of frequency for TSI-8214, 


normalized to 1.0 at 20 Hz. 
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10 100 1000 
f (Hz) 


4 


Figure 8: Response of pre-whitening filter as a function of frequency, 


normalized to 1.0 at O Hz. 


Figure 9: Change in steady output of V30 as the probe is rotated through 
an angle © from the mean flow direction. If the film were exactly radially 
symmetric, there would be no difference between the response when the probe 
is rotated by 90°, i.e. from a position in which the electrical leads are 
vertical (@) to one in which they are horizontal (-@>): small asymmetries 
in probe geometry result in slightly different curves. An ideal velocity 
component sensor would have a cosine response (heavy line). 
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Figure 10(a): Schematic diagram of AC bridge for measurement of high- 
frequency temperature with an unheated platinum-film probe. 
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Block diagram of electronics associated with the cold-film 
For discussion, see Section 2.2. 


Figure 10 (b): 


sensor for temperature T'. 
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08 -11-78—__ 
Ao: 0.43087 V/°C. 
(0.99996) 


2.0 
Tet. (eC) 


mcs ah ee 


Ao= 0.40845 v/°C 
(0.99998) 


3.0 


Two separate sensitivity calibrations of TS-Tl output voltage 
as a function of mean water temperature. 
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> 10 15 20 
HWE 


Figure 12: 
1 


The slope of a straight line fit to ln A(f) as a function of 
(f) 


1. 1. : 
* yields the parameter (A2n/K) * in the cold-film response function 


L 
A(f) = exp[- (A2m£/K) 7]. For details, see Section 2.2.2. 
Vv 
sin 2a=2sinacosa 
-2u 
ily U 
for small a, 
ie. v<U 
Figure 13: Geometry of airfoil probe operation. The total velocity vector 


U,, has components U and v, respectively parallel and perpendicular to the 
airfoil probe axis. The probe senses a side force proportional to v. 
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sin2a 
Figure 14: Calibrations of airfoil probes before (+) and after (©) the 


field operation in Knight Inlet. For angles of attack less than 12°, the 
calibrations are. linear with slope m,: probe sensitivity S; = 2V72 m,. 


(a) i = 1, probe orientation gives output « w. 
(b) i = 2, probe orientation gives output < Vv. 
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+ 6-10-78] 29.1729 2.29256 
© 7-I1-78| 29.9143 2.37508 
x 20-11-78] 30.3175 245289 


R (mohms/cm?) 


V (volts) 


Figure 15: Laboratory (+) and field (©, x) calibrations of the conductivity 
sensor. Resistivity R(mohm/ cm?) is a highly linear function of sensor output 
voltage V, but the calibration was not stable. Since an ambient temperature 
sensitivity is suspected, we use the calibration (x) carried out in Knight 
Inlet, where air temperature was closest to water temperature. 
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THERMISTOR B: 
Nov. | 2/78 
Nov. 20/78 


Tg (°C)= 9.903 + 0.4952 Volts 


> 10 -8 -6 -4 -2 6) 2 a 6 8 Te) 
VOLTS 
Figure 16: Calibration of upper thermistor TB before (©) and after (+) 


field work, against temperature measured by a quartz thermometer. The linear 
least squares fit is to the combined calibrations. 


THERMISTOR A (No.22): 


+ Nov. 15/78 ” 
o Nov.20/78 } T, (°C)= 8.181 + 0.4879 Volts 


2 
-10 -8 -6 -4 -2 0 2 & 6 8 10 
VOLTS 
Figure 1/< Calibrations of lower thermistor TA after installation (+) 
tee e 


and at the end of field work in Knight Inlet (©). The linear least squares 
fit is to the combined calibrations. 
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THERMISTOR A (No.1): 


+ Oct. 10/78 } oe 
I o Nov. 7/78 J Aa (°C)= 8.409 + 0.4862 Volts 


- Nov.l2/78 Ta (°C) = 8.775 + 0.4837 Volts 


9 
oO 
ae 
oa 
7 
5 
| 
-10 -8 -6 -4 -2 0) 2 4 6 8 
VOLTS 
Figure 18: Calibrations of thermistors used during the early part of field 


work in Knight Inlet. The epoxy in which these thermistors were mounted 
absorbed water under pressure, resulting in frequent calibration shifts. 
shift is predominantly an off-set, rather than a gain change. 
(a) Thermistor #1 (b) Thermistor #2. 

above below 


THERMISTOR A (No. 2): 


+ Oct. 10/78 Ta (°C) = 8.204 + 0.4870 Volts 
- Nov. 13/78 Ta (°C) = 8.340 + 0.4842 Volts 


The 
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Figure 19(a): Geometry of rotor stems (OA, OB, OC) and rotor axles (heavy 
short lines parallel to AX, BX, CX) relative to the axis OX of the turbulence 


sensors. Each rotor axle makes an angle y = cos} /2 | = 35.26° with 


OX, so in the absence of cross-flows, all rotors sense Ucosy. 


Figure 19(b): Head-on view 


of rotor arrangement. 
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Figure 20: Before (+) and after (0) 
head-on calibrations for rotor heads 
used in Knight Inlet. U is the 
constant mean speed of water in the 
I1.0.S. water tunnel. With a rotor 
axle aligned directly into this flow, 


the output frequency is measured. The 


linear least squares lines are fit to 
the combined set of calibration points 
for an individual rotor. 
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Figure 21: Definitions of- (a) yaw angle Y of rotor.axle OY, and, (b) pitch 
angle P of rotor axle OP relative to a calibration coordinate system with 
x-axis parallel to a steady mean flow. (c) illustrates the geometrical 
relationship among angles Y(=Z YOQ), P(=< POQ) and O = total angle of 
attack between a rotor axle OA and a mean flow along OX. 

2 = 2 3) 2 2 2 2 
(tan 0) = Ag = cra ) ar (tanP) + (tanY) 

xX x x2 x2 
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Figure 22: Position of A, B, and C rotors on the surface 


g(Q) = UcosO/(a + mf) where Ucos@ is the true axial component of flow through 
the rotor and (a + mf) is the measured axial component. If the rotors were 

a true speed sensor, i.e. had a cosine response, g(Q) would be 1.0: our 
rotors tend to overspeed slightly at non-zero angles of attack, so that 

g(0) < 1.0. Mean pitch (P) and yaw (Y) angles for each rotor are determined 
by the triplet configuration (Figure 19(a) and (b)) in the situation of zero 
cross-flows (V = W = 0). 
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Original calibration 
-I° correction 


-2° correction 


-60 -40 -20 @) 20 40 60 
Y (degrees) 


Figure 23: Rotor response as a function of yaw angle Y at zero pitch. 
Forcing go(0°,Y) to symmetry about Y = 0° determines a zero correction which 
reduces error in measured yaw to +0.5°. For the rotor shown in this example, 
A = -1°, 


-60 -40 -20 O +20 +40 +60 
Y (degrees) 
Figure 24(a): The calibration section gg(0°,Y) for the three rotors used 


in Knight Inlet. The yaw correction noted for each rotor has been applied 
before plotting these curves and is used to correct Y in the two following 
calibration sections. 
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20° 40° 60° 
P (degrees) 
Figure 24(b): The calibration section gy (P.Y), rotor response as a function 


of pitch P at the mean yaw angle Y appropriate to the individual rotor, The 
The responses are fitted by the solid curves shown and noted in parametric 
form below as a function of P in degrees. 


g(P,Y) 


-60° -40° -30° -20° 0° 20° 30° 40° 60° 
Y (degrees) 
Figure 24(c): The calibration section g (P,Y), rotor response as a function 


of yaw Y at the mean pitch angle P appropriate to the individual rotors. The 


responses are fitted by the solid lines shown and noted below in parametric 
form as functions of Y in degrees. 
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Figure 25: _ Geometry of interpolation on the rotor response surface 
g(P,Y) = g(P,Y) + Ag for small variations P' and Y' of pitch and yaw from 
the mean values characteristic of the rotor. 
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P (dbar)= -43.0943 + 76.9455 Volts 
(r=0.99997) 


P(dbar) 


VOLTS 


Figure 26: Calibration of the pressure sensor carried on PISCES, against 
pressure measured by a dead-weight tester. 
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Figure 27: Calibrations of the output of the three (underlined) high- 


frequency response accelerometers carried on PISCES, as a function of sina 
where a is the angle from horizontal (for clarity, the curves are off-set 
from one another by the amounts shown at left). 
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Figure 28: Acceleration spectra from three orthogonal accelerometers 


Carried immediately behind the turbulence sensors. The peak marked 1 at 
10.8 Hz is the fundamental vibration frequency of the submersible propulsion 
system: higher harmonics are noted. 


LOG UPH! [(cm/s)"/CPM] 


-0.5 ° 


0.5 \ 
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Figure 29: Axial "velocity" spectrum(formed by dividing measured axial 
acceleration spectral values by (2n£)2) superimposed on a hierarchy of 
universal spectra ordered by the value of € (cm s~3), the rate of dissipation 
of turbulent kinetic energy. The shaded region is a range of noise-level 
axial velocity spectra obtained from a hot-film sensor mounted on a depth- 
controlled towed system. 
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KLINAKLINI R. 


FRANKLIN R. 


KNIGHT INLET 
BRITISH COLUMBIA 


: 2 Br Aye 
“TE SIWASH 3s 
BAY :%- 


STATION 20 
lad @) 
E 
az 200 
x 
o 
a2 400 
oO 
600 
Figure 30: Knight Inlet, British Columbia is a narrow steep-sided inlet 


consisting of a shallow (~ 200 m) outer basin separated from a deeper 
(~ 600 m) inner basin by a submarine sill rising within 63 m of the surface 
at Hoeya Head. (Figure after Farmer and Smith (1978)). 
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Figure 32: Calibrated analog signals from turbulence and auxiliary sensors 
carried on PISCES, as the submersible travels from the rear (left) through 
-the front (right) of an internal wave train in Knight Inlet. For detailed 


discussion, see Section 3. 
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Ripure 35: Calibrated analog signals from turbulence and auxiliary sensors 
carried on PISCES, as the submersible travels through a near-surface mixing 
regime close to the submarine sill across Knight Inlet. 
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Abstract 


A survey of published and unpublished oceanographic data taken in 
Queen Charlotte Sound, Hecate Strait, Dixon Entrance and their contiguous 
waters has been made and the source and availability of these data indicated. 
The data include daily observations of sea-surface temperatures and salinities 
from coastal stations; hydrographic, STD, CTP and BT casts, tidal height, 


current velocity and wave measurements and temperature data from thermistor 
chains. 
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Introduction 

The waters of the Queen Charlotte Sound, Hecate Strait, Dixon 
Entrance and of their vicinity (hereinafter referred to as the region) have 
traditionally been important as commercial waterways, commercial and recrea- 
tional fishing, and fisheries research and exploration. In recent years, 
however, the need for marine environmental information for the region has 
risen appreciably due particularly to interest in underwater petroleum 
exploration, threat of pollution from potential tanker traffic, search for 
little-utilized marine renewable resources such as sea weeds and certain fish 
species, and search for sites that have potentials for electric power genera- 
tion from ocean waves and wind energy. As a consequence, there has been an 
increasing requirement for oceanographic information for the region, particu- 
larly physical oceanographic data. In order to facilitate the efficient use 
of the available data that were collected by a number of agencies during the 
past an effort is made to compile an inventory of all available information, 
either stored at the respective agencies or archived at the responsible 
national data centres such as the Marine Environmental Data Services Branch 
(MEDS) of the Department of Fisheries and Oceans (Ottawa). 


Data Sources 


Much of the data archived at MEDS is available in standardized 
magnetic tape data format while those stored at the data collecting agencies, 
principally Pacific Biological Station (Nanaimo), Institute of Ocean Sciences 
(Sidney) , Department of Oceanography of the University of British Columbia 
(Vancouver) and Defence Research Establishment Pacific (Esquimalt), are not. 
Their data are stored in one of the following formats: original field sheets, 
tabulations of summarized data, IBM cards, computer print-outs, and unstan- 
dardized magnetic tapes. The data obtained recently, during the past year or 
so are, of course, in the preliminary stages of processing and are not readily 
available. 


Types of Data 


Hourly tidal heights 


The records of hourly tidal heights compiled for the coast stations 
constitute, the longest time-series oceanographic data available for the 
region. They have been observed by the Canadian Hydrographic Service at 15 
sites (Table 1) at one time but at present observations are made from only 
five stations (Prince Rupert, Bella Bella, Port Hardy, Queen Charlotte City 
and Langara Point) (Fig. 1). The earliest observations were made at Prince 
Rupert in 1906. Among other things these data form the basis for providing 
tidal predictions for the region (e.g. tide tables). Most of the original 
records are kept on file at the Institute of Ocean Sciences (10S) while the 
archived data are stored on magnetic tapes at MEDS. The hourly values are 
not published but the maximum and minimum daily heights as well as daily and 
monthly mean heights are published annually by the Canadian Hydrographic 
Service and are generally available for any year within two years after the 
termination of observations in any calendar year (e.g. Canadian Hydrographic 
Service, 1979a; 1979b). A copy of the archived data from 1975 to present is 
available at the I0S. 


Tidal height data have also been collected at eight sites in the 
general vicinity of Douglas Channel and Gardner Canal, with bottom-mounted 
pressure recorder, during 1977-1978 by Dobrocky SEATECH Ltd. (Webster and 
Ford, 1979; Webster, 1979a). The data are archived on magnetic tape at IOS. 


Daily seawater observations 


Sea-surface temperatures and salinities and sometimes densities have 
been observed daily at a number of coastal stations, usually lighthouses, for 
as much as half a decade at some locations in the region. There had been a 
total of 14 such stations (Table 2) operating at one time or another in the 
region but at present there are only less than one half of the above still 
operating, (Langara Island, Bonilla Island, McInnes Island, Cape St. James, 
Egg Island and Pine Island) (Fie. 1), the data were collected by the Pacific 
Biological Station and the Pacific Oceanographic Group of the Fisheries 
Research Board of Canada until 1970 but by the 10S since. The original data 
are kept on file at the I0S but the archived data on magnetic tape are 
available from MEDS. The daily observations are published annually, generally 
within two years of the termination of observations in the calendar year. 

The earlier data reports were published by the Fisheries Research Board of 

Canada (e.g. Hollister, 1974), Canadian Oceanographic Data Centre, the pre- 
decessor of MEDS (e.g. Canadian Oceanographic Data Centre, 1968) and since 

1970 by the 10S (formerly called Marine Science Directorate Pacific Region) 
(e.g. Giovando, 1980). 


Oceanographic observations from hydrographic stations 


Much of the oceanographic observations in the region consist of 
hydrographic-station data (sometimes called hydrographic cast or bottle-cast 
data). They consist of measurements of temperatures (with reversing thermom- 
eters) and sampling of water at various depths, usually at international 
standard depths, at each geographical location called a "station. The ,water 
samples obtained at each depth are determined for salinity and usually for 
dissolved oxygen content. In some cruises other chemical properties of water 
such as silicates, phosphates, nitrates, etc. are also determined. A hydro- 
graphic station also contains pertinent meteorological data such as air 
temperature and wind velocity. Since 1948 it also consists of bathythermograph 
data (continuous temperature with depth) to depths of 135m or 275m or to near 
the ocean bottom whenever the station depths were less than the limiting depth 
of the instrument. With the introduction of salinity-temperature-depth 
recorder (STD) and conductivity-temperature-pressure recorders (CTP) in late 
1969 bathythermograph observations are not made at each station routinely. 

STD or CTP observations have recently replaced hydrographic casts but the 
latter are still made in order to monitor the performance of STD or CTP and 
to obtain water samples for dissolved oxygen content and other chemical 
properties. 


Hydrographic-casts data have been collected in the region ever since 
1934 and they have been taken at irregular intervals mainly by the Pacific 
Oceanographic Group of the Fisheries Research Board of Canada until 1970. 
Since 1967 the bulk of the data were taken with STD or CTP. Table 3 shows 
the summary of such data taken in the region. 


No attempt has been made to include a table containing a list of 


station positions or figures indicating these positions as this would make 
the report unnecessarily long. 


The great majority of data have been published (e.g. Joint Committee 
on Oceanography, 1956; Scripps Institution of Oceanography of the University 
of California, 1965; Dodimead et al, 1961, etc.) and all of these data are 
archived and put on magnetic tape at MEDS. Data collected during 1967-1971 
by the Fisheries Research Board of Canada (Dodimead, 1980a - 1980g) are 
archived at MEDS but the data records for these data have not been published 
yet. However, there are some data such as the 600-station observations made 
in Chatham Sound - Dixon Entrance during 1948 that are available only in their 
original field sheets. These unpublished data are kept on file at I0S. 


Since May 1951 a large number of data have been taken by the 
Institute of Oceanography of the University of British Columbia in the inlets 
adjacent to the region and some within the region itself. The particulars 
related to these data are shown in Table 4. Most of these data are also 
archived at MEDS. 


In conjunction with the fisheries research surveys conducted off 
the British Columbia coast by the staff of the Pacific Biological Station 
some oceanographic data are routinely collected. Such data consist of 
bathythermograph (BT) (both mechanical and expendable types) observations, 
surface temperature and salinity from bucket samples and occasionally 
salinity and temperature at depths from bottle casts. The data collected are 
summarized in the reports of the Pacific Biological Station (e.g. Westrheim, 
1967; Butler and Smith, 1968; Harling et al, 1968; Levings, 1968; Davenport 
et al, 1971; Dodimead et al, 1980. None of these data are, however, archived 
at MEDS. 


During 1977-1978 a few hundred CTP stations and some hydrographic 
stations have been taken in the waters in the general vicinity of Kitimat, 
B. C. (Douglas Channel, Gardner Canal, etc.) by Dobrocky SEATECH Ltd. (Table 
4). Their data summary has been published (Webster and Ford, 1979; Webster, 
1979a) and the data themselves are archived on magnetic tapes at I0S. 


Current velocity measurements 


Prior to 1967 most current velocity measurements were made with 
drift-pole‘or drift-drag (captive float) to observe surface currents and 
Ekman current meter to make subsurface measurements. The period of obser- 
vations seldom exceeded two days. Since then most systematic current 
observations were made from moored buoys from which one or more recording 
current meterswere suspended. It is not uncommon nowadays to make continuous 
observations at 4s or hourly intervals for as much as three months at a time. 
Ever since the first sustained series of measurements, lasting for 18 months, 
were made in the waters of British Columbia during 1968-1970 (Tabata and 
Stickland, 1971), and their data analysed (Chang, et al, 1976), it has become 
necessary to discontinue the short series of measurements of a few days and 
replace them with longer series lasting for several weeks. The relatively 
long series of data indicated that there were significant day-to-day changes 
of currents and against this background it became difficult to interpret 
those of short duration. In view of this, current velocity data taken over few 


days are considered generally to be of limited use although they can be used 
as a very rough "guide" only where no other information is available. Great 
care must be exercised in the interpretation of such data as they may yield 
misleading information and any decision made on the basis of such interpreta- 
tion may even give disastrous results (e.g. imagine locating a sewer outfall 
at a site where a short series of measurements indicated the desirability of 
the site which upon further measurements indicated otherwise). 


Despite the shortcomings of these short series of measurements it 
is nevertheless useful, at this point, to list a summary of observations that 
have been made in the past as well as to indicate the long series of measure- 
ments that were made recently, if only to use the limited data as a basis 
for planning longer series of measurements at strategic locations. Table 5 
lists practically all the current measurements that have been made in the 
region since 1948. It does not include the several sets of surface current 
measurements made with drift pole over 24-hour periods by the Tides and 
Currents Survey section of the Canadian Hydrographic Service in the inland 
seaways (Douglas Channel, Hiekish Narrows, Perceval Narrows, Nawhitti Bar and 
Cape Scott area). Figure 3 shows representative sites where current measure- 
ments have been made in the region. The long series of measurements in the 
inland seaways such as Douglas Channel and Burke Channel (Webster, 1979a; 
Webster and Ford, 1979) although shown in Table 5 are not indicated in 
Figure 3. Some of these measurements made in Douglas Channel during 1977-1978 
constitute the longest series (nine months) ever made in the region. Obser- 
vations made in Queen Charlotte Sound during 1977 by IOS are still being 
processed (Thomson and Huggett, 1980). Their data will be available shortly 
(Huggett, et al, 1980). 


Wave measurements 


There is a total of nine sites from which wave measurements were 
made in the region. Four of these are in harbours, Prince Rupert (two 
locations), Kincolith (mouth of Nass River) and Kitimat (head of Douglas 
Channel). The others are in the open areas of Hecate Strait (Table 6, 

Figure 3). The observations in the harbours were made over extended 

periods, from 96 to 355 days during 1972-1978 by the Wave Climate Study group 
(Marine Environmental Data Service, 1978). The remainder were made by 
Defence Research Establishment Pacific from the floating drilling rig 
SEDCO-135F during selected periods in 1968-1969 (Hafer, 1970). Because the 
data from the drilling rig were for selected periods only, their data do 

not necessarily represent typical wave data for the region. No winter data is 
available for the region but measurements made on the continental shelf off 
Vancouver Island during winter by the drilling rig indicate that the signi- 
ficant wave height can be as large as approximately 8m there. It is 

probable that waves of such magnitude can be expected in the region also 
during the winter months. 


All of the wave data mentioned above are archived at MEDS and IOS. 


Specialized observations 


Time series temperature measurements at 2-30 minutes interval have 
been made from 11 depths in the upper 50 m of water at three sites in Douglas 
Channel and vicinity during 1977-1978. At two of the three stations there 
are, except for lack of observations during January and February, one whole 
year of records available (Table 7). These represent the only extensive time 
series of measurements of its kind, in the region. The data are kept on file 
at IOS. 


Concluding Remarks 


The present inventory of oceanographic data in the Queen Charlotte 
Sound, Hecate Strait, Dixon Entrance and their vicinity contains data that 
already have been archived and are readily available, as well as those that 
are currently being processed and likely will not be available until later. 
There are also important sets of data for the 600 hydrographic stations 
taken in Chatham Sound - Dixon Entrance that are still in the original field 
data log sheets and not even available as summary data record. An attempt 
has been made to indicate what shape the data are in and where they may be 
obtained. There may be some inadvertent omissions as some data may still be 
buried in some investigator's file, but this is unlikely to have much impact 
on the completeness of this inventory. 


The bibliography contains not only references as to the data sources 
and studies based on them but also those papers and reports that contain in- 
formation relevant to the oceanography of the region. 
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Chart of Pacific coast of Canada showing Queen Charlotte Sound, 
Hecate Strait, Dixon Entrance and adjacent coastal seaways and 
channels. The shaded portion represents oceanographic areas 
covered in this report. 


Chart indicating location of coastal stations making daily surface 
oceanographic observations (denoted by ©) and tidal height 
measurements (denoted by/\), 


Chart indicating location of current velocity (denoted by A) and 
wave measurements (denoted by ©). 
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TABLE 1 


List of tidal-height stations, locations and periods of observations in Queen 
Charlotte Sound - Hecate Strait - Dixon Entrance and adjacent waters. 


oe er a ST 


Station Location 
Name Number Lat.N. Long.W. Period of Observation 


ie li ec ae aN aN Sat AT is TN FS SEI a ak Se SSS are ese 


(a) Long-Term Records 


Prince Rupert 9354 S42 19" 130°20! May 1906 - Present 
Bella Bella 8976 52°10" 128°08' July 1961 - Present 
Kitimat 9140 oie tule 128°42' April 1977 - Oct 1978 
Alert Bay 8280 50°35'  126°56" July 1947 - Dec 1978 
Port Hardy 8408 OY eh Rh June 1964 - Present 
Langara Point 9964 54°15! 133°Os2 Feb 1973 - Present 
Queen Charlotte 9850 5 ae 5) 132°04! June 1963 - Present 
City 

(b) Short-Term Records 

Lawyer Island 9312 54°08! 130°20! Aug - Sep 1972 
Seabreeze Point 9250 53°59! 130° 110 Aug - 1973 

Gillen Harbour 9105 52958 ' 129°36' June - Aug 1977 

Port Clements 9920 Sao? E322 LO July - Aug 1978 
Dinan Bay 9930 BS 132°36° Aug 1978 

Higgins Passage 9056 52°29" 128°45) July - Aug 1979 
Milne Island 9036 S237) 128°46' June - Aug 1979 
Smithers Island 9067 52245? 129°04' June - July 1979 


(c) Special Observations 


Queen Charlotte Q05 57222" 130°01* 18 May - 19 July 1977 
Sound 
(local 
designation) 


These observations were made at 15 minute intervals by Aanderaa bottom-mounted 
pressure recorder. 


Note: There are many other special short-term records. These are listed in 
harmonic constants and associated data for Canadian tidal waters 
(e.g. Department of the Environment, 197-2) . 
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TABLE 1 (Cont.) 


(d) Special observations made by Dobrocky SEATECH Ltd. 


Green Inlet TG3 5225 5cAah 128P:29. 8: 16 July - 25 Sep 1977 
(mouth) 9 Dec 1977 - 9 Mar 1978 
Campania Island TG4 Sagl0.4 -129°32.8" 8 July - 26 Sep 1977 
(North West) 26 Sep - 10 Dec 1977 
Klewnuggit Inlet TG5 53°40:.8" -/129°%65e ty 11 July - 29 Sep 1977 
(mouth) 12 March - 9 June 1978 
Kildala Arm TG1 Daes2el 2 128 421) 27 Sep - 9 Dec 1977 
(mouth) 9 March - 10 June 1978 
Redfern Point TG2 So laa - (129° 115" 26 Sep - 7 Dec 1977 
(South) 13 Dec 1977 - 8 Mar 1978 
Coghlan Anchorage TG6 Doro ee LeOClG.8: 3 Oct - 6 Dec 1977 
6 Dec 1977 - 7 Mar 1978 
7 Mar - 9 June 1978 
Eva Point TG8 =a gs 0 aN IBA odes as 11 Dec 1977 - 11 Mar 1978 
(North) 
Owyacumish Bay TG7 53°.29'.0 )REP28°07 . 3” 11 Mar - 10 June 1978 
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TABLE 2 


Location of shore stations in Queen Charlotte Sound - Hecate Strait - Dixon 
Entrance and adjacent waters making daily oceanographic observations. 


Station 


Period of Observation 


paar ee Baran Sa ae fhe 1 ene ie i eens ee ee Kaa i ae a 


Langara Island 


Green Island 


Prince Rupert 


Triple Island 
Masset 

Port Clements 
Shannon Bay 
Sandspit 
Bonilla Island 
McInnes Island 
Ivory Island 


Cape St. James 


Egg Island 


Pine Island 


Location 
Lat .N Long. W 
2 oi lh 133° 035 
54°34! £30242" 
54°19! 130213! 
54°18! 130" 23; 
BAPO1' 132°09' 
Bar41* jC 
53739 ' 132°30' 
53215" 141°49' 
53°30! 130°38' 
52° 16" 128°43) 
ova ANY 128224" 
62756." | 0 sO 
ou La 127-50" 
50°58" 127°44' 


November 1936 - August 1937; 
March 1940 - Present 


February 1935 - August 1936 


February 1934 - October 1935; 
January 1940 - May 1942 


November 1939 - December 1970 
December 1939 - October 1942 
October 1941 - August 1942 
December 1939 - August 1941 
August 1953 - December 1956 
April 1960. ~Present 

August 1954 - Present 

August 1937 - December 1955 
August 1934 - Present; 
intermittent observations 
1938 - 1942 


March 1970 - Present 


January 1937. = Present 
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ABSTRACT 


An examination of sea level records at ports in British Columbia 
shows that the largest departures of predicted tides from observed sea levels 
are due to the weather. Storms and river flows which force sea level changes 
persist for several days to a year, and can be identified in sea level records 
from which the shorter period tides have been filtered out. In this report, 
the nature of these sea level changes is examined. For given wind and air 
pressure changes, sea level fluctuations can be computed, but predictions 
of these changes are no more accurate than weather forecasts. Annual changes 
are more regular and can be predicted. Fortnightly and monthly tides are 
also examined, and criteria for their inclusion in tidal predictions are 
presented. 
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]1. Introduction 


In British Columbia waters, largest sea level fluctuations are at 
semi-diurnal (twice daily) and diurnal (daily) frequencies, and the combined 
effect of these tides drives one or two high and low waters every day. 

These tides, and the currents generated by them have been monitored and 
predicted in British Columbia waters since the early 1900's. Because the 
gravitational pull of the moon and sun generates the diurnal and semi-diurnal 
tides, and the orbits of the earth and moon are so regular, these tides can 
be predicted years into the future with great accuracy. 


At periods longer than a day, sea level changes are smaller and 
less regular. There are tides at periods of two weeks, a month, six months 
and a year, of smaller amplitudes driven by the same gravitational forces, 
but sea level changes caused by meteorological forces often dominate over 
these tides. Most meteorological forces such as winds, summer heating and air 
pressure changes originate from solar radiation, and the sea level changes 
which they generate are called radiational tides to distinguish them from 
the more regular gravitational tides. 


Winds and air pressure changes over the ocean force sea level 
fluctuations at shore and over the continental shelf; winds blowing parallel 
to the shoreline can drive currents along the coast. The currents and sea 
level changes track each other so closely along the west coast of Vancouver 
Island that currents at periods of two days to a year can be monitored from 
sea level changes at shore. For periods less than a year, these sea levels, 
being meteorologically forced, cannot be predicted with sufficient accuracy 
for inclusion in tide tables. However, annual winds and air pressures follow 
a regular pattern, forcing sea levels up about 20 cm in winter with adequate 
reliability to be included in sea level predictions. 


Because semi-diurnal and diurnal tides dominate, | have included 
here a brief description of their nature and predictability. Longer period 
sea level changes are discussed in the following sections. 


Typical tidal curves for eight British Columbia ports for February 
1976 are shown in Figures 2 and 3. Their positions are plotted in Figure 1. 
Tidal range decreases from north to south, from a maximum of 6 metres at Queen 
Charlotte City to 2 metres at Victoria. Also, the nature of the tide changes 
at Victoria where the semi-diurnal components fade out, leaving only one 
high and low water a day for half of the month. To illustrate these changes, 
a co-tidal chart of M5, the principal lunar semi-diurnal tide is found in 
Figure 4. Co-amplitude lines join points where the tide has the same 
amplitude; co-phase lines describe the wave direction, joining points of 
similar phase of the tide. The Mo» tidal wave moves at a right angle to the 
co-phase line, toward higher phase, so the deep water tide progresses counter- 
clockwise around the Gulf of Alaska, increasing in amplitude toward the 
northeast. The tide approaches the coast then with higher amplitudes in the 
northern part of the province. 


The tide is further modified by resonance and friction near the 
coast. The semi-diurnals turn north near Victoria in a way to decrease in 
amplitude on the Canadian shore, increase on the American side, leaving 
Victoria with the small semi-diurnal tides shown in Figure 2. Because the 
tides are slowed as they propagate through Juan de Fuca Strait and Discovery 
Passage the phases are delayed in Georgia Strait, but within Georgia Strait 
travel times are small and the Vancouver tide shown in Figure 2 represents 
tides over most of the Strait. 


Figures 2 and 3 show the predicted tide at the eight British 
Columbia ports, prepared from analysis of previous sea levels. These were 
compared with the observed tide in February 1976, to produce residual tides 
(observed minus predicted) displayed in Figures 5 and 6. If a residual 
tide is significant, it will produce the short period oscillations found in 
the Queen Charlotte City and Langara Island plots. Both gauges are located 
in difficult places. Langara is a remote gauge in an exposed location. The 
difficulties in maintenance of the gauge may permit clock errors which 
can shift the observed tide. Queen Charlotte City, which experiences the 
largest tides in British Columbia, is on a shallow shelf where frictional 
effects can be large and variable. The remaining ports show smaller 
residual tides, and at Tofino it is barely observed. 


The second feature noted in the residual tides is that 
meteorological forcing, especially in February which these plots show, 
causes the largest residual sea level changes, and these fluctuations 
are often uniform along the British Columbia coast. For example, the 
large positive levels at days 39 and 48 are found at every station. At 
Vancouver, Victoria, Tofino and Prince Rupert they easily dominate the 
tidal residuals. An inverted barometer effect, that is, the adjustment of 
sea level to changes in air pressure, drives most of these fluctuations, 
while the wind is of secondary importance. 


No fortnightly or annual tidal constituents were included in 
the tidal predictions at these eight ports. Over much of the month of 
February 1976 the residual tides were positive, indicating observed values 
were greater than predicted, due to higher waters normally observed in 
winter driven by the lower air pressures and northward winds at that 
time of year. An annual tidal constituent, Sa, computed in Section 11 
could reduce this residual. 


Section I! describes fortnightly and monthly tides, driven 
by the moon, normally overpowered by meteorological forcing at these 
frequencies. The nature of this meteorological forcing is given in 
Section IV. 
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Figure 1. Chart of the British Columbia Coast. 
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Figure 2. Predicted tides at ports surrounding Vancouver Island, February 
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Figure 4. Co-tidal chart of Mj, the principal lunar semi-diurnal constituent. 
Solid circles are positions of Canadian gauges, open circles 
represent U.S. gauges. Positions of offshore gauges are, from 
south to north, Cobb, Union, Bowie and Surveyor Seamounts, and 
Middleton Is. Figure from Crawford, Rapatz and Huggett, 1980. 
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Figure 5. Residual sea levels at ports surrounding Vancouver 
Island, February 1976. 
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Figure 6. Residual sea levels at ports in Northern British Columbia. 


l1. Fortnightly and Monthly Tides 


There are weak tidal influences at periods of two weeks and one 
month which have an effect upon sea level, but this effect is usually obscured 
by meteorological forcing; to resolve and predict these tidal constituents 
several years! of data are required. The results of a statistical study of 
14 to 19 years of data at Victoria, Vancouver, Tofino and Prince Rupert to 
determine these tidal constituents are presented in this section. 


Recent studies of water levels and currents along the west coast 
of the United States (Huyer, Smith and Sobey, 1978) have shown that at periods 
longer than several days, both are strongly influenced by the winds. To 
compare these signals, one treats the fortnightly and monthly tides as noise, 
to be carefully removed from the data, before proceeding with examination of 
the effect of winds upon currents and tidal heights. The amplitudes and 
phases of these tidal constituents are required then for accurate prediction of 
water levels, and to allow separation of wind and tidal influences upon sea 
levels. 


When water level records are analyzed with harmonic analysis schemes 
to extract tidal constituents, there are several constituents of periods near 
two weeks and one month which are often included. The four largest are listed 
in Table l. 


Table |. Fortnightly and Monthly Tidal Constituents 
Constituent Frequency Period Equilibrium! shal low 
(cycles/day) (days) Potential water 
a) SU ae 
Msm 0.03143 31.81 -.00673 Ao-Mo 
Mm 0.03629 27255 2703507 No-M> 
Msf 0.06773 14.77 -.00583 So-Mo5 
Mf 0.07320 13.66 -.06669 Ko-Mo,K,-04 


(1 ref - Cartwright and Edden, 1973) 


The equilibrium potential is proportional to the height of 
the tide in an ocean which is always in equilibrium with the tidal forcing 
function. However, the tide at any one port depends strongly upon the 
response of the adjacent sea, which limits the usefulness of the equilibrium 
potential to comparisons between constituents of similar frequencies. In 
Table |, the equilibrium potential was the basis of elimination of smaller long 
period constituents not listed. The equilibrium potential of Mz, the largest 
constituent, is 0.63, a factor of ten larger than Mf, the strongest long 
period tide. 


The equilibrium potential gives the strength of the astronomical 
forcing, but all four tidal lines are also at frequencies which are the 
difference between two semi-diurnal tides. If turbulent friction affects the 
tide at a port or in a basin adjacent to a port, the purely linear response of 
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rhe tide will be lost, and tidal variations in sea level will be found at 
Frequencies which are the sum and difference of the larger constituents. 
3ecause turbulent friction is strongest where the water is shallow, these 
variations in sea level are called shallow water tides. The pairs of semi- 
diurnal tides whose difference in frequency gives a long period shallow water 
tide are listed in Table |. The order of these tides for British Columbia 
ports in decreasing strength is Mo, So, No, Ko, so the strongest interaction 
vill be found in the constituent Msf which is at the difference in frequency 
between S» and Mo, the principal solar and lunar semi-diurnal tides. 


As noted earlier, most of the changes in sea levels at ports in 
British Columbia at periods of two weeks and a month are due to meteorological 
forcing. For example, the ocean responds to sea surface pressure changes ina 
way to minimize the changes in pressure at the ocean bottom; a drop in air 
pressure of one millibar (100 pascals) will force a sea level rise of approximately 
one centimeter, (the inverted barometer effect). The geostrophic adjustment of 
the oceanic flow can cause sea level to undershoot the inverted barometric 
response (Crepon, 1976), but observations of bottom pressures in the ocean 
(Brown et al, 1975, Crawford, Rapatz and Huggett, 1980) have found that the 
ocean, away from continental shelves, behaves largely as an inverted barometer. 
However, there is a tendency on the continental shelf of the western North 
American coast for an inverted barometric overshoot, due, as mentioned before, 
to the effect of the wind, and to shelf waves generated by the wind. 


A standard procedure for analysis of ocean tides is to run a 
harmonic analysis program on one year of an hourly height time series Of sea levels. 
Harmonic analysis is a least squares fit of cosine functions with periods 
equal to the main equilibrium tidal periods, and to the appropriate sum and 
difference frequencies for the shallow water tides. A recent scheme, written 
by Foreman (1977) has 45 astronomical constituents and 24 shallow water 
constituents, with options for up to 77 additional shallow water constituents. 
The optimal length of record is one year; the analysis can be improved by 
running separate analyses on successive years of data. 


Results of 19 one year analyses at Victoria and 14 at each of Prince 
Rupert, Tofino and Vancouver are shown in Tables Ila to IId. The variations 
from year to year in the long period tides are very large in both amplitude 
and phase. Vector averages.-and, standard deviations are computed according 


to the following formulae. If the amplitude is Aj and the phase is Oj» then 
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Table Ila. Amplitude in millimetres and phase in degrees of four main 
fortnightly and monthly tides at Tofino, British Columbia 
(49°09'N, 125°55'W) computed by harmonic analysis. 


TOF INO 
Mf Msf Mm Msm 

Year Amp Phase Amp Phase Amp Phase Amp Phase 
1963 BY: 18] Zo 175 8 208 30 203 
1964 Z5 25) 25 158 Zi 89 24 219 
1965 Z2 204 10 181 be 202 17 160 
1966 34 208 14 165 4 130 34 349 
1967 29 204 23 83 18 CaS) 50 29 
1968 18 169 16 145 26 222 i oy, 
1969 38 158 26 107 58 12] 17 150 
1971 20 228 a 42 35 204 28 265 
(972 20 138 29 Ze 20 303 Z5 327 
1973 19 170 30 234 25 38 26 154 
1974 34 2 53 174 23 Gee ee aR aaa 18] 
1975 5 126 Ao 192 32 [Beit 20 180 
1976 Is 137 Zi, 234 2 75 8 227 

Vector 

average 18.8 174 15.8 187 1L03z 164 4.6 208 

amplitude 

and phase 

Aenean 17.9 25.2 28.0 25.8 


deviation 


Table IIb. Amplitude in millimetres and phase in degrees of four main 
fortnightly and monthly tides at Victoria, British Columbia 
(48°25'N, 123°22'W) computed by harmonic analysis. 


VICTORIA 
Mf Msf Mm Msm 

Year Amp Phase Amp Phase Amp Phase Amp Phase 
1958 17 22 8 162 18 292 6 264 
1959 a 216 14 9] PS 171 *| 351 
1960 13 136 7 32] 8 137 18 26 
1961 12 123 ai 253 10 168 4h 292 
1962 18 348 6 0 8 23 10 255 
1963 Dy 174 23 168 3 192 64 211 
1964 21 287 ry 153 22 108 21 201 
1965 12 18] 3 158 50 193 BS 185 
1966 23 199 20 161 ENE PRICY ko 348 
1967 18 205 17 Vis, 19 254 4] a5 
1968 8 143 hz 150 20 230 8 311 
1969 20 111 28 289 ra | 307 4 8] 
1970 24 167 25 96 h6 122 iS 136 
197] is 292 10 48 36 201 30 285 
1972 16 112 28 271 19 311 18 333 
1973 24 181 31 245 24 33 13 Laz 
1974 va 118 4] 184 19 161] 20 157 
Led fe 1] 70 35 196 34 127 18 207 
1976 10 136 19 249 5 352 3 115 

Vector 

pian een 8.7 160 8.3 192 B23" 4176 7 283 

and phase 

Hiatbeu'y 16.9 20.7 23.8 22.9 


deviation 


Table IIc. Amplitude in millimetres and phase in degrees of four main 
fortnightly and monthly tides at Vancouver, British Columbia 
(49°17'N, 123°07'W) computed by harmonic analysis. 


VANCOUVER 
Mf Msf Mm Msm 

Year Amp Phase Amp Phase Amp Phase Amp Phase 
1963 Pn ——— 62 20 192 r 261 4 211 
1964 14 302 24 131 26 100 18 218 
1965 22 144 12 313 Lh 212 12 175 
1966 lf? 204 27 171 VW 10 46 340 
1967 18 15] 19 64 19 292 Lh 24 
1968 19 110 10 120 12 240 14 B22 
1969 ee 103 We 298 29 323 4 79 
1970 28 139 37 87 h7 112 15 133 
1971 10 66 16 66 oF 205 33 286 
1972 25 88 20 295 23 346 23 330 
Be FES) 20 140 15 264 42 35 10 153 
1974 34 111 Bie. 178 7 132 21 175 
1975 23 69 31 195 30 107 17 205 
1976 22 119 14 261 17 14 4 82 

Vector 

Serie 16.8 123 6.5 178 3.7 87 Wit) aes 

and phase 

eeeneehg 16.4 24.2 28.6 26.5 


deviation 


Table Ild. Amplitude in millimetres and phase in degrees of four: main 


fortnightly and monthly tides at Prince Rupert, British Columbia 


(54019'N, 130°20'W) computed by harmonic analysis. 


Year Amp 
1963 LO 
1964 20 
1965 34 
1966 2) 
1967 20 
1968 28 
1969 25 
1970 38 
1971 20 
OL2 14 
1973 Ns, 
1974 26 
b975 6 
1976 34 

Vector 

aide? 7 


and phase 


Standard 


deviation 17.0 


171 


PRINCE RUPERT 


Amp 


18 
18 
34 


342 


328 


9.2 


3322 


138 


25.1 


316 


ws “Li ipern 
O°="'Tan (A/Ay) 
where N is 19 for Victoria, 14 for the remaining ports. 


Only for the Mf constituent at several ports is the standard 
deviation of the amplitude less than the amplitude itself, and for Mf the 
two are of similar magnitude. These results show that Mm, Mf, Msm, Msf should 
not be included in the harmonic analysis of one year tidal records. 


One hopes to employ an analysis scheme which shows the relative 
contributions of tides and weather to sea level records. This is most easily 
done with a Fourier analysis covering the entire data record at once. The 
weather which contaminates the tides has a continuous spectrum, while 
the tidal signals have line spectra. By choosing longer time series, the 
noise continuum is spread over more Fourier coefficients, and the amplitude 
of the tidal lines does not diminish. In theory then, any tidal constituent 
can be resolved by choosing a record sufficiently long. 


Wunsch (1967) examined sea level records from islands in the central 
Pacific to the south of Hawaii, as well as from Hawaii and California. He 
found amplitudes for Mf to be usually in the range of 0.5 to 1.0 cm, with 
significant departures of the phases from that of the equilibrium tide. 
A record four years long was required for the fortnightly tide to rise 
significantly above the background noise at a tidal station in the tropics. 
At our higher latitudes where the meteorological conditions are generally 
more variable and the meteorologically forced portion of the background noise 
is greater in amplitude, longer records may be required. 


The equilibrium tide Mf is given by Lisitzin (1974) as 
W = V(1-3 sin* $) cos 2s 
where s is the period of revolution of the moon, o is latitude and 
V is the potential. When allowance is made for the elastic deformation of 


the earth, the equilibrium amplitude of Mf becomes 


AH = 13.9 (1-3 sin? $) cos 2s millimetres. 


= -9.9 cos 2s millimetres at Loon (Tofino, Victoria, Vancouver) 


-13.6 cos 2s millimetres at 54.3°N (Prince Rupert) 


If the actual tide shows a behavior similar to the equilibrium tide, we can 
expect larger amplitudes than Wunsch found in the tropics, anda slightly 
larger amplitude at Prince Rupert than Tofino. The change in sign of the 
amplitude near 32°N, where (1-3 sin* $) changes sign introduces a change in 
phase of 180°. In the convention of harmonic analysis, the phase of a 
measured tide is compared with the phase of the equilibrium tide at the 
equator; a tide north of 32°N (or south of 329S) will then be in equilibrium 
with the local potential when its phase is 180°. This convention is retained 
here. 
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The time series of hourly heights at Victoria, Vancouver, Tofino and 
Prince Rupert were low passed with an AguAgsAog filter (Godin 1972) to remove 
the diurnal and semi-diurnal tides. The record at Tofino was free of gaps, 
and this low passed record sufficed to fill gaps in the low passed records 
at other stations (57 days at Victoria, 108 days at Vancouver, 16 at Prince 
Rupert). Data points at 12 hour intervals were chosen from the low passed 
records, and series of 9918 points (13.58 years) were selected, starting at 
0100 PST January 4, 1963. Mf and Mm dominate the fortnightly and monthly 
tides, and 13.58 years comprise 363.01 cycles of Mf and 179.97 of Mm. Fast 
Fourier transforms of the series were computed, and the amplitudes of the 
first 500 coefficients are plotted in Figures 7b to 10b. 


Records of hourly sea surface air pressures supplied by the 
Atmospheric Environment Service for Vancouver, Tofino and Prince Rupert 
airports were similarly analyzed. No gaps existed in these records. The 
record at Vancouver Airport served to compare with both Victoria and Vancouver 
tidal records. Fast Fourier transforms of 9918 points of the air pressure 
records, for the same time period beginning at 0100 PST, Jan. 4, 1963, 
were computed; the amplitudes are plotted in Figures 7a to 10a. 


The units of the sea level records are millimetres, while the air 
pressure units are tenths of millibars, the two units being equivalent to 
within 1% for seawater. The amplitudes of sea level fluctuations predominate 
over the air pressures, particularly at the annual period. The 363rd Fourier 
coefficient, which lies closest in frequency to the Mf period clearly stands 
out from the neighboring values, but the 180th coefficient (Mm) does not. 


For each port, the spectra of sea level and air pressure are similar; 
in fact it is possible to match many spectral peaks on a one-to-one basis. 
For an inverted barometer response, the phase shift is 180°, while for these 
four ports the shift is close to 180°, but differs in a significant fashion 
as shown later. At periods near one year (Fourier coefficients 14, 15) the 
sea level amplitudes are much greater than the air pressure amplitudes, and 
the semi-annual and ter-annual sea level amplitudes are also significant. 
Currents flowing along the west coast of Canada and the United States, 
generally northward in winter and weakly southward in summer, in geostrophic 
balance, set up sea level gradients which amplify the tendency of low sea 
levels in summer, high in winter due to direct atmospheric forcing. Further 
studies of seasonal sea level changes have been presented by Reid and Mantyla 
(1976) and results for British Columbia are presented in Section III. 


At higher frequencies, the seasonal currents do not change sea 
levels at shore as much as narrower currents confined to the continental 
shelf and slope; these currents and the sea level changes which they generate 
can propagate from south to north as shelf waves. Theoretical studies (Adams 
and Buchwald 1969, Gill and Schumann 1974) have shown that such waves are 
generated by the alongshore component of the wind. Some of the most extensive 
studies of shelf waves were conducted in the early 1970's off the coast of 
Oregon, as part of the CUEA program to examine upwelling. These studies 
showed that adjusted sea levels at the shore (sea level plus atmospheric 
pressure in units of centimetres and millibars respectively) are closely related 
to alongshore currents and alongshore winds. Moreover the currents are 
strongly barotropic (Smith 1974, Huyer, Smith and Sobey 1978). 
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A study by Osmer and Huyer (1978) shows that although a relation- 
ship between alongshore winds and adjusted sea levels is found along the 
coast between Tofino and San Francisco, the lowest correlation is found at 
Tofino, where the reported winds are not representative of the winds over the 
shelf waters. 


We are left then, with the understanding that the tides, air pressure 
and winds all influence sea levels in British Columbia at periods of several 
days to a month. To isolate the effect of fortnightly and monthly tides, 
we need to know both the values of air pressure and wind, and their effect upon 
sea levels; however, only air pressure dataare reliable. A first approximation 
is the inverted barometer relationship between air pressures and sea levels - 
1.6. the “adjmsted’ sea level. Figures / to 10, parts 4 and b,; show that 
much of the sea level change can be accounted for in this fashion. There is 
a tendency along the coast for an inverted barometer overshoot, which can 
be seen in Figures 7 to 10. The individual peaks in the sea level and air 
pressure periodograms correspond on a one-to-one basis, but are larger for 
sea levels. Overshoots (or undershoots, the opposite case) exist along many 
coastlines with continental shelves, such as the west coast of Australia 
(overshoot) and the east coast of North America and the east coast of 
Australia (undershoot). Where there is a tendency for alongshore winds 
and air pressures to act together to change sea levels in the same direction, 
an inverted barometer overshoot occurs. We can use this relationship to 
partially compensate for the effect of winds, through Fourier analysis. 


Fourier Analysis to Remove the Meteorological Signal from Sea Level Records 


lt is possible to determine the coherence and admittance between 
two time series. The coherence is a measure of the amount of association 
between two time series over a band of frequencies, while the admittance 
is the phase difference and ratio of amplitudes of the coherent portion 
of the two time series. In the case of sea level and air pressure, an 
inverted barometer response would give a coherence of 1.0, admittance 
amplitude of 1.0 and phase of 180°. Coherence is normally denoted by y. 


To analyze the sea level and air pressure time series, the mean 
and any linear trend present in each of 8192 data points, beginning 0100 PST 
4 January 1963, were removed. A one-tenth cosine bell filter was run over 
each time series. The values of admittance and phase, plotted in figures 
11 to 14, were each computed over bands of 64 neighboring frequencies, and 
are plotted up to the frequency where the squared coherence falls below 0.5. 
At the frequencies near the Mm and Mf tides, values of Y2 were between 0.74 
and 0.90. The dashed lines in Figures 11 to 14 show the spectral form fitted 
to the admittance. 


Tofino, Vancouver and Victoria display similar behavior, with phase 
shifts and admittance amplitudes decreasing as frequencies increase, until 
minima for both are reached at periods near 5 days for amplitude and 2.5 days 
for phase, after which both increase again. At Prince Rupert, the rise in 
admittance amplitude at higher frequencies is less steep, and the phase 
remains steady. Tofino, Vancouver and Victoria are closely spaced ports, and 
these results show that all three respond in the same fashion to the weather, 
while Prince Rupert is in a different regime. The inverted barometer overshoot 


AL 


ee 


“OUIFOL JE [A2| 
eas pue dunssoid 41e UseMjeqg UO!zel,941 aseyd pue edule]! Wpy 


(YNOH/AD) AINANDSYS 001 
ao*2z- gz*z- ov’ 2- og" Z- og’ z- 00" €- Oz" E- OP" E- og" E- 


42am sw WwW 


"L{ a4nb)4 


og e= o0° y- 


SONBLL 


00° 


23 


“BI4OJDIA FE [BA2| 
| eas pue oinssoud sie uaemjeq uoljzeje41 aseyd pue sdueqyiwpy “Z|, e4nb!4 


(YNOH/AD) AINANDSAYS 901 


09*i— os’ t- oo'z- [OFS vas Oop" z- Os" 2Z- og" Z- OoTE= Oz E~ OPE OS55- oe" e- ao’ 


ss ontenatimacmenniaieieaaiainian aaa” Gegiccaees aiid Veacuanes wae’ % ee = 1 ak 


4am JW ww pad 


o0°O 


24 


*soAnNOoUeA JE | SA2| 
eas pue oinsseid 41e uvamjeqg uolzeles aseyd pue |adue}}!WpY "€) ounbl4 


oo°c 


oa-t 


oo*Y 


25 


SREP Ge 10? sat 


‘"Juodny adul4g 27e [eAe| 
eas pue oinssoid 4;e usemjzeq uo!ljze[e4 aseyd pue sdue I IWpy 


(YNBH/ AD NSandsaYys 901 


wet 


ee 
eo+25 O2t2- breg= o9*Z- aBg* z- o0°e~ (Wp Op e- og'e- OB e- 


‘= 


"#1 o4nbl4 


YY eae, te A 


420M SW WwW 


26 


is evident at all four ports. Until accurate current and wind measurements 
are available, and the dynamics of shelf currents are understood, the cause 
of the phase and amplitude shifts will not be known. 


The Mf tide in the sea level records has sufficient energy to shift 
the admittance for the entire spectral band centred at 12.8 days (Log 
frequency -2.489) and this band could not be used to form the spectral 
corrections for sea level data. The Mm tide with lower amplitudes does not 
appreciably influence the admittance. 


The dashed line in Figures 1] to 14 was assumed to be the spectral 
relationship between sea level and air pressure, to remove the effect of air 
pressure from the sea level records. For example, the vector representing 
the amplitude and phase of Victoria air pressures at the Mm frequency was 
rotated 200°, multiplied by 1.57 (the values of phase and amplitude of the 
admittance shown in figure 12) and subtracted from the vector of sea level 
fluctuations at Victoria at the Mm frequency. Similar adjustments to the 
periodogram of sea levels at all four ports at all frequencies were made. 
Resulting adjusted sea level periodograms are plotted in Figures f forus co a 18) =e 
Tidal lines now rise clearly above the background noise. It remains to compute 
the amplitude and phase of these tides. 


Computation of Amplitude and Phase of Long Period Tides 


Although these tides appear in the amplitude spectra as single lines, 
they are more precisely a cluster of tidal lines as shown in Table III, but 
only the principal coefficients within each group have sufficient amplitude 
to penetrate the background noise. To compute the amplitude and phase of 
each tidal line, a time series was generated of the equilibrium tide of all 
the Msm, Mm, Msf and Mf groups listed in Table II1 for the period Jan. 4/63 
to July 24/76, and this series was subjected to the same Fourier analysis. 


Although the principal tides of Mf and Mm (Mf, and Mm,) are very 
close to pure harmonics of the 14.58 year time series, the neighbouring tidal 
lines are not. They differ in frequency from the principals by multiples of 
one cycle in 18.61 years and/or one cycle in 8.85 years, the periods of 
rotation of the lunar node and lunar perigee respectively. The number of 
cycles difference is given by the fourth and fifth Doodson numbers in 
Table Ill. Because these neighbouring lines are not exact harmonics of the 
data record, when a Fourier transform is conducted, some of their energy will 
"leak!!! Into the main constituent, and either augment or diminish its amplitude, 
depending upon the relative phases of the two. 


If it is assumed that the response of the ocean to the equilibrium 
tidal forcing is uniform across the cluster of tidal lines forming each of 
the groups, then the Fourier transform values of the equilibrium tide will 
accurately represent the total relative tidal contribution at each Fourier 
frequency. 


Consider the Mf group. The principal line has equilibrium amplitude 
0.06663, and the amplitude of F.C. (363) of the equilibrium tide is 0.07466. 
The amplitude of F.C. (363) of the observed tide must be reduced by the ratio 
0.06663/0.07466 to produce the amplitude of the Mf, constituent 
alone. Most of the modulation of Mf, is by Mfs, a tidal line 
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Table Ill. Expansion of Msm, Mm, Msf, Mf Tidal Constituents 
Constituent Doodson Number Equilibrium Potential 
Msm, O41 #2 = 290 0.00002 
Msm> O$ lye? -hasilpo 0.00007 
Msm3 Of'l a2 lhe 0 0.00048 
Msm, ON Var Lt - OO -0.00673 
Msms 0 19-2 ret} d 0.00044 
Mm UG ES = e250 0.00003 
Mm> Oris 0 Sheed 0.00231 
Mm3 OF Ise O = Oe -0.03518 
Mm, aed Reset 8 cA Pl wi 0.00229 
Mm 5 0:1 0 TF 70°90 0.00188 
Mm Cale TO Thrd0 0.00077 
Mm7 Osely:0) {Fees & 0.00021 
Msfy OW2ue2 O#F1y0 -0.00042 
Msf > 0126-2 Do G20 -0.00583 
Msf 3 Os2}5Z Onuind 0.00038 
Msfy, OP ee? 2) ORO 0.00004 
Mf O 2-20 22a) 0 0.00015 
Mf 5 Ob2+ HO 22000 -0.00288 
Mf 3 O25 0 e2y) 1a.0 0.00019 
Mf, Dn2, 39 0 00 -0.06663 
Mfc 0 2ha 0 HEH 0 =02.02762 
Mf¢ O24 © 01) 27.0 -0.00258 
Mf7 O27 0 Orasno 0.00006 
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differing in frequency by one cycle in 18.61 years, having an amplitude 

of 0.41 of Mf. Rather than evaluate its amplitude directly from F.C.364, 

the closest in frequency, | have given it the same phase lag and relative 
amplitude as Mf, from the assumption that the oceanic response is similar 
over such a narrow range of frequencies. The phase lag of Mf, (referred to as 
g in harmonic analysis notation) is the difference in phase between F.U. 363 

of the observed sea levels, and that of the equilibrium tide. 


Background noise introduces uncertainties into the amplitudes and 
phases, and biases the amplitude upwards, but not the phase. Fourier 
coefficients closest to the tidal frequencies have amplitudes E, due to 
contributions from the tidal lines H, and from the noise n, which are related 
by 

E2 = H2 + 12. 
Values of n2 can be estimated from neighbouring Fourier coefficients. 


Here, averages of n2 over 17 to 19 coefficients (away from satellite tidal 
lines) were computed. Unbiased values H are given by 


The uncertainty in amplitude is given by Wunsch (1967) as 234d? 
for one standard deviation. Wunsch approximated a formula for phase error given 
by Middleton (1948) and Wunsch's phase uncertainties were applied to produce 
the values listed in Table IV. 


The total expected error is the sum of: 
(1) error in admittance amplitude and phase used to correct the sea level 
spectra 
(2) uncertainty due to residual background noise, noted above. 


The former is given by Godin (1976) as: 


e(o) poset | 1/2 
y*(o) (1-p)1/n 


where e is the error, Y is the coherence, n is the number of Fourier 
coefficients in the band average, and P is the probability that 


7 ae he beplAket of 


arg(Z-e) < arg Z' < arg(Z+e) 


where Z' is the computed estimate of the true complex admittance. For a 
confidence of one standard deviation, P is 0.68. 


At all four ports, the minimum value of Y surrounding the Mf and 
Mm frequencies is .86, giving 
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The estimated values of amplitude and phase for the fortnightly and monthly 
tides, together with the rms average of both uncertainties are listed in 
Table IV. 


Mf and Mm have been treated as gravitationally forced tides, not 
shallow water tides, an assumption which is not strictly true for Mm. To 
examine the two effects, we can compare the relative amplitudes of the 
equilibrium potential of Mf and Msf (=11.4) with the observed relative ampli- 
tudes of these tides (=2.7 at Tofino, 3.9 at Prince Rupert). The relative 
enhancement of Msf at these two ports is likely due to shallow water effects 
in Msf. Table | shows the constituents which interact to generate shallow 
water tides. The expected strengths should be in proportion to the amplitude 
of the constituent interacting with M5, and for Tofino these are 


Msf 1.0 (So-M>) 

Mm 0.73 (No-Mo) 

Mf 0.27 (Ko-M>) 0.09 (K;-0};) 
Msm 0.03 (Ao-Mp) 


If we take the amplitude of Msf at Tofino and Prince Rupert as 
entirely due to shallow water effects, then the expected shallow water Mf 
tide is 0.27 of Msf, equal to 1.5 mm in amplitude, attributed to the Ko-M, 
interaction. It is a contribution one tenth as strong as the observed Mf, 
which can then be assigned to direct gravitational forcing. 


Both the direct and shallow water Mf tides have the same frequency, 
so the assignment of the observed tide to either source matters only for 
modulation of the Mf tide, which is controlled by Mfs for direct gravitational 
forcing and by the modulation of M» and Ky for shallow water forcing. Because 
the direct forcing dominates, Mfs will dominate the modulation. 


By similar reasoning, one can see that the expected shallow water 
amplitude of Mm is 0.73 of Msf which is 4 mm, an amplitude slightly smaller 
than that observed at three of the four ports. Again, the origin of a tidal 
line affects only the modulation. The nodal modulations of Mm, N» and Mo are 
+13%, +4%, +4% respectively; the expected error due to modulation will then 
be no more than 14%. This error has not been included in the uncertainties 
in Table IV. 


The results show that Tofino and Prince Rupert are similar in their 
behavior for Mf and Mm (and for Mfn as well, which is forced by the behavior 
of Mf). The Mf amplitude is significantly lower at Victoria, and the Mf phase 
is less at Vancouver than found at the remaining three stations. Whatever is 
reducing the Mf amplitude at Victoria also may be the cause of the low 
amplitudes found in the residual noise in Figure lb, as sea level changes at 
tong periods at Victoria are less than observed at the remaining three ports. 
The long period tides and the meteorologically forced sea level changes both 
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travel up Juan de Fuca Strait, and the configuration of the Strait may 
reduce the amplitude of the fluctuations on the northern side. 


The phase difference of Mf between Vancouver and the other three 
ports is large, even if the effect of shallow water terms is included. re 
phase difference of sea level fluctuations between Tofino and Vancouver at 
frequencies near Mf, in other words, the meteorologically forced portion of the 
record, indicates a 4° shift, equivalent to four hours, far short of the 
observed Mf phase difference of 43° between Tofino and Vancouver. Any effect 
due to a local response of the Strait of Georgia or Vancouver Harbour which 
could affect the phase of the Mf tide, should also affect the sea levels at 
neighbouring frequencies, yet the two behave in a very different way, for 
which there is no explanation. 


A comparison of the amplitudes and phases in Table IV with the 
vector averages found in Tables Ila to I!d shows that most agree to within the 


error noted in Table IV, although the amplitudes of the Msf tides at Prince Rupert 
and Tofino given by harmonic analysis are far out of line. 


These results show that although these four long period tides 
should not be included in a one year harmonic analysis of a west coast port. 
the vector average of Mf and Mm over at least fourteen years wil] give 
reasonable values of amplitude and phase for these two constituents. 
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Table IV. Amplitudes and Phases of Fortnightly and Monthly Tides 


Amplitude (mm) Phase (degrees) 
Mf 
Victor ka ied lio 1 Stl 2 
Vancouver | fia! ound hae) 124 hl 
Tof ino Lf eae ely ie eee 
Prince Rupert ES Ree PS 164 + 7 
Mfn 
Victoria IPO te 66 | Bod Mie cake 2 
Vancouver / ieee aaah OS) J 20 eT 
Tofino tet aaa ae Ga) Loy, ag 
Prince Rupert Oat 267 164 + 07 
Mm 
Victoria 6.6 + 1.9 164 + 21 
Vancouver Se es 2 oe 183. 4.45 
Tofino 7.0 £ 9 162 + 18 
Prince Rupert To 2 136 146 + 16 
Msf 
Tof ino oo Ig 2h3. eae 
Prince Rupert DO ELON: pres: 
Msm 


None visible 
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111. Annual and Semi-Annual Tides (Sa, Ssa) 


In British Columbia, the seasonal air pressure, wind driven currents, 
seasonal heating and river flow determine the values of the Sa and Ssa tides. 
Because the weather dominates these tides, they are not as regular as 
gravitational tides, and an anomalous year can be expected to have sea levels 
differing from predicted values. Predictions of these tides can be improved 
if many years of observations are available. One easily obtained, long term 
average is the monthly mean of sea level at ports in Canadian waters, printed 
in ''Monthly and Yearly Mean Water Levels, Volume 2, Tidal, 1975'' published 
by the Marine Environmental Data Service. Monthly means at most ports date 
back further than the hourly heights analyzed for monthly and fortnightly 
tides. The twenty years from 1959 to 1978 comprised a data base to determine 
the average water level for each month and the standard deviation of the 
monthly means. Only years with all 12 months of data were included. 


Graphs of annual sea level changes are found in Figures 15 and 16 
plotted at + one standard deviation. The sum of the Sa and Ssa tides fitted 
to these monthly means are plotted as the smooth line in Figures 15 and 16. 
To derive these constituents, several factors were allowed for: 


1. Months of different lengths. 

A cubic spline function was fitted to the monthly means, and heights 
at 12 equal time intervals were interpolated. The improvement in the function 
is marginal, but the programming is relatively easy. The cubic spline routine 
fits a smooth curve through each monthly mean, and is the standard method 
of interpolating readings with the aid of a computer. Equal time intervals 
between readings were necessary because a fast Fourier transform routine was 
employed to determine the Sa and Ssa amplitudes and phases. 


2. Reduction of amplitude of Sa, Ssa due to averaging data. 

Whenever a set of average values is used to determine tidal 
constituents, the amplitudes of the constituents are reduced. In this case, 
the averages are over a period of a month. The reduced amplitude can 
be determined from the following formula: 

sin ntAto 


LCD Scere ieee (Godin, 1972, p.62) 


The parameters have the following values: 


Sa Ssa 
n (hours) 730 730 
At (hours) ] | 
o (c/hour) 0.00011407712 0.00022815423 
Ay 0.9886 079550 


where n is the number of hours in the average, 
At is the time between readings 
o is the frequency of the constituent 
An is the reduced amplitude. 
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The actual value of n varies from 672 for most Februaries to 744 for months 

of 31 days. Because those months having 31 days tend to occur more frequently 
in summer and winter, the averaging is not uniform over the year, and there 

is a tendency for the amplitude given by the analysis program to depend upon 
the phase of the tide. This effect limits the accuracy of the amplitude 


analysis to about 0.2%, but with the erratic behavior of the Sa and Ssa tides, 
this limit is quite tolerable. 


3. Frequencies. 


In the program for harmonic analysis of tides (Foreman, 1977), Sa 
and Ssa have the Doodson numbers and frequencies: 


Sa 00100-1 (.0001140741 c/hour) 
Ssa 00200-0 (.0002281591 c/hour) 


These are the Doodson numbers associated with the gravitational potential. 
Note that Ssa is not twice the frequency of Sa. The gravitational Sa 
appears in the development of the terms involving the 4th power of the solar 
parallax, and so depends upon the speed of the solar perigee, denoted by the 
last Doodson number. This speed is less than 2°/century. 


lf monthly means are used to derive Sa and Ssa constituents, then 


we are implicitly assuming that Sa and Ssa have Doodson numbers and frequencies 
OT: 


Sa 001000 (.0001140795 c/hour) 
Ssa 002000 (.0002281591 c/hour) 


Where both depend only on the length of the tropical year and the frequency 
of Sa is one half that of Ssa. This scheme is proposed by Shureman (1958), 


and is used by the National Ocean Survey in the United States for tidal 
analysis. 


Because the two Sa frequencies are similar, the predicted value, 
using the gravitational Sa will diverge very slowly from the observed, and 
could be neglected for any one century. However, the phases are different 
by 77.59, and one should be careful that the proper phase is used. Because 
Foreman's programs are the prediction schemes in Canada, | have followed 
his convention scheme for Sa and Ssa, and computed phases from the monthly means 
relative to the gravitational tide. Note that only Sa has this discrepancy, 
and only with the phase is there likely to be any confusion. 


4, Leap Years. 


| have assumed the year to be 365.25 days long, so that the 
frequencies of Sa and Ssa are: 


Sa 0.00011407712 cycles/hour 
Ssa 0.00022815423 cycles/hour 


This is not strictly true over many hundreds of years, but is true for the 
interval from 1901 to 2099, the period for which these analyses are intended. 
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Vancouver 
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15 cm 
0 
-15 cm piceonls Mean 1.88 m 
20 years ; 
15 cm 
0 
Tof i 
“15 cm a wie Mean 2.13 m 
Figure 15. Vertical lines are monthly means ! | standard deviation. Curved 


line is predicted value using Sa and Ssa constituents. 


0 
} Prince Rupert . 
15 cm ese eee Mean 3.85 m 
15 cm 
he 
ae 
) | eal | 
Queen Charlotte 
-15 cm City Mean 3.99 m 
13 years 
LS ccm 
0 


Bella Bella 
-15 cm4 17 years Mean 2.87 m 


Figure 16. Vertical lines are monthly means + | standard deviation. Curved 
line is predicted value using Sa and Ssa constituents. 
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Table V lists the amplitude and phase of Sa and Ssa at the British 
Columbia ports found in Figure 15 and 16. 


Several features emerge. The seasonal change in standard deviation 
reflects the more variable weather conditions found in winter. A typical 
range found for Sa, about 20 cm surpasses the range in seasonal air pressure 
changes in British Columbia, as can also be seen in figures 7 to 10. 
Geostrophic currents, flowing along the British Columbia coastline, driven by 
seasonal winds, generate much of the Sa tide. Largest seasonal changes are 
at Tofino, where currents will most strongly influence sea levels. Prince 
Rupert, located further north where currents are not as seasonal, has a lower 
Sa tide, although winter to summer air pressure changes are larger there. 


Vancouver and Victoria show a secondary rise in sea level in summer, 
stronger at Vancouver, due to Fraser River freshet. Prince Rupert and Queen 


Charlotte City exhibit a slight rise in sea level in June, likely due to the 
runoff of the Skeena River. 


All predicted values are within one standard deviation of the 
average monthly means, but to generate improved predictions, which would show 


the secondary uses in sea level noted above, the monthly means themselves 
could be employed. 


Table V. Amplitudes and Phases of Solar Annual (Sa) and Solar Semi-annual 
Tides at Seven British Columbia Ports. 


Sa Ssa 

Amplitude Phase Amp] itude Phase 

(cm) (deg) (cm) (deg) 

Tof ino }226 356 219 236 
Victoria 95 354 pay | 240 
Vancouver 6.5 347 3.6 224 
Port Hardy fies 358 . ie 233 
Bella Bella i ee 345 | ee L75 
Queen Charlotte City 8.3 338 ¥.6 223 
Prince Rupert | 348 1.9 144 
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IV. Meteorological Effects 


In Section II, the spectral comparisons of sea levels and air 
pressures showed a tendency for an inverted barometer overshoot at Tofino, 
Victoria, Vancouver and Prince Rupert. To show this tendency throughout 
British Columbia waters, low passed sea levels (solid line) and air 
pressures (dashed line) are plotted in Figures 17a to ]7e. The sea level 
record was prepared by applying a Cosine-Lanczos 120 hour filter (50% 
power at 40 hours, 90% power passed at 48 hours) to the residual sea levels, 
and truncating the time series to twice daily readings. Only gravitational 
tides were removed from the record. The annual (Sa) and semi-annual (Ssa) 
tides remained. The air pressure record was similarly filtered and 
truncated. Vancouver Airport air pressures serve both Vancouver and 
Victoria sea levels; Sandspit air pressures are compared with Queen Charlotte 
City; Cape St. James air pressures are compared with Bella Bella; other 
sea level time series are plotted with air pressures measured at weather 
stations within a few kilometres. All positions are indicated in Figure 1]. 


The time series run from 3 January 1976 to 28 July 1977, an 
interval determined by the availability of data at these stations. Most 
tide gauges run continuously and trouble free, but the Langara gauge due 
to its exposed and remote location operates less reliably, and the interval 
shown coincides with its best record. 


Each chart covers four months of data, over the periods Jan.-April, 
May-Aug., Sept.-Dec. The long period mean sea levels, given in Section II] 
have been subtracted from each record. The units are centimetres for sea 
level, and millibars for air pressures. 


In Section I! it was noted that sea levels and air pressures were 
out of phase by roughly 180° (exact values varied from 170° to 200° depending 
upon port and period), and sea level fluctuations were larger. Both these 
features Stand out in Figures |l7a*to lve Ft’is also apparent that the 
sea levels and air pressures are coherent between adjacent ports, with a fair 
degree of coherence over all ports. Closest agreement is found among the 
three southern stations: Tofino, Vancouver and Victoria. Queen Charlotte 
City and Bella Bella sea levels are alike as are Prince Rupert and Langara, 
but between these two sets, for example between Queen Charlotte City and 
Prince Rupert, there are often abrupt changes. 


Fluctuations in both time series are largest in winter, smallest 
in summer, due to winter storms. The biggest fluctuations, of amplitudes 
greater than 30 cm, are found at Langara and Prince Rupert in winter. As a 
rule, winter sea levels are characterized by sharp highs, and summer sea levels 
by alternating highs and lows superimposed upon the depressed sea levels 
generally found at that time of year. 


The extreme values in sea levels are reduced by the Cosine- 
Lanczos filter, which attenuates signals of periods less than two days and 
decimates those of one day period or less. The best example of this 
averaging is by comparison with the Prince Rupert residual unfiltered sea 
level record found in Figure 6. Residual tides are smallest at Prince 
Rupert but meteorological effects are large. At Day 39 both records show 
a large sharp sea level increase at Prince Rupert, but this increase is 
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70 cm on the unfiltered record and only 45 cm on the filtered one. The 
largest filtered residual tide found in Figure 17 is 55 cm at Tofino at the 
end of February 1977. The corresponding actual residual tide would be 
about a metre in amplitude, as this peak is quite sharp. For the ports 
shown in Figure 17, the largest deviation of observed from predicted tides 
is about a metre. 


lt was noted earlier that the inverted barometer overshoot could 
be attributed to alongshore winds on the west coast. To examine this effect 
an anemometer and several current meters were moored off Estevan Point on 
the west coast of Vancouver Island during the summer of 1979 as part of the 
Coastal Ocean Dynamics Experiment. The moorings, denoted as EO] and £02, 
were moored 15 and 30 km from shore respectively, in water one to two hundred 
metres deep. Both moorings were on the continental shelf. The anemometer 
was placed near mooring E02. To provide nearby sea level data a subsurface 
pressure recorder was deployed in Nootka Sound a few kilometres to the north 
of Estevan Point. Because this gauge measures the sum of the water and air 
pressure above it, the record which it supplies is designated the adjusted sea 
level. At any of the ports shown in Figures 17a to l7e, the adjusted sea 
level could be computed by adding the sea levels to the air pressures. Where 
there is an inverted barometer overshoot, the adjusted sea levels have a 
shape similar to the sea levels, but of smaller amplitude. 


The adjusted sea level and alongshore components of the wind and 
current were filtered with the Cosine-Lanczos filter and plotted in Figure Lo. 
It can be seen that many of the fluctuations in the alongshore wind are 
found in both the adjusted sea levels and alongshore currents at the EOI 
mooring. Even farther from shore at mooring E02 where the fluctuations 
decrease in amplitude, many of the same features appear. The alongshore 
current at the surface is set up by the alongshore wind, and the Coriolis 
force causes a northwestward current to raise sea levels at shore, and 
southeastward currents to lower sea levels. The changes in sea levels are 
most pronounced at shore, causing the sea surface to slope up toward shore 
for a northward current, with a resulting pressure force in the water column 
which pushes the water away from shore. Below the surface Ekman layer, which 
off Vancouver Island in summer is about 20 m deep, the wind has little 
direct influence on the currents and there is, for northwestward winds and 
surface currents, an offshore flow driven by the pressure force. The 
Coriolis force turns this flow to the right, or northwest for an offshore 
flow, with the result that the entire water column is now flowing to the 
northwest. It is this secondary flow pattern which causes the wind driven 
current fluctuations to exist at all depths in the continental shelf waters, 
and drives the adjusted sea level changes noted in Figure 18. The current 
and sea level fluctuations found here are similar to those observed by 
Smith (1974) along the Oregon Coast. It is expected that the eighteen months 
of sea level, air pressure and ocean current data gathered during CODE in 
1979 and 1980 will provide more insight into the nature of sea level changes 
along the coast. 
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Filtered residual sea levels (solid line) and filtered air 
pressures (dashed lines) at ports in British Columbia, January 
to April, 1976. 
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Figure 17b. Filtered residual sea levels (solid line) and filtered air 
pressures (dashed line) at ports in British Columbia, May 
to August, 1976. 
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Figure 17d. Filtered residual sea levels (solid line) and filtered 


air pressures (dashed line) at ports in British Columbia, 
January “to April, 977. 
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Figure l7e. Filtered residual sea levels (solidsldine) and filtered ais 
pressures (dashed line) at ports in British Columbia, May to 


August,~ 1977. 
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Figure 18. Adjusted sea level and alongshore winds and currents near 
Estevan Point, May to September, 1979. 
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